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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an induction
heating device that inductively heats a load, such as a
metal cooking pot, placed on a top panel, and more par-
ticularly to a multi-coil induction heating device having
multiple heating coils provided below the top panel.

BACKGROUND ART

[0002] Recently, multi-coil induction heating cookers
are being developed. A multi-coil induction heating cook-
er is provided with multiple heating coils disposed in a
matrix below a top panel, and is configured such that a
heating zone can be changed according to the circum-
stances (see Patent Literatures 1 and 2).

Citation List

Patent Literature

[0003]

PTL 1: Unexamined Japanese Patent Publication
No. 2008-293871
PTL 2: WO 2014/064931 A

SUMMARY OF THE INVENTION

[0004] As described above, the multi-coil heating cook-
er disclosed in PTL 1 and PTL 2 detects a position of a
load placed on the top panel and identifies one or more
heating coils to be driven.
[0005] This operation is carried out by detecting a
change in an electric signal on a conduction path which
connects a power source of the heating cooker to each
of the heating coils, when a detection current which is a
high frequency power is supplied to the heating coils.
This operation is referred to as load detection below.
[0006] How to implement energy-saving and accurate
load detection in a short time is a problem to be addressed
in the development of multi-coil induction heating devic-
es.
[0007] One aspect of the present disclosure provides
an induction heating device including a top panel on
which a load is placed, a plurality of heating coils provided
below the top panel, a driver that supplies a high frequen-
cy power to the plurality of heating coils, an electric signal
detector that detects an electric signal relating to an el-
ement included in the driver, and a controller that receives
the electric signal which is detected and controls the driv-
er.
[0008] In the induction heating device in this aspect,
the controller causes the driver to supply a first detection
current which is a high frequency power to the plurality
of heating coils, and determines whether a load is placed

above the plurality of heating coils based on an electric
signal in response to the first detection current.
[0009] When determining that the load is not placed
above the plurality of heating coils based on the first de-
tection current, the controller causes the driver to supply
a second detection current, which is a high frequency
power and has a larger current value than the first de-
tection current, to the plurality of heating coils. The con-
troller determines whether a load is placed above the
plurality of heating coils based on an electric signal in
response to the second detection current.
[0010] Another aspect of the present disclosure pro-
vides a load detection method in an induction heating
device. The load detection method according to this as-
pect includes: supplying a first detection current which is
a high frequency power to a plurality of heating coils pro-
vided below a top panel; and determining whether a load
is placed above the plurality of heating coils based on an
electric signal in response to the first detection current.
[0011] The load detection method according to this as-
pect also includes: supplying a second detection current,
which is a high frequency power and has a larger current
value than the first detection current, to the plurality of
heating coils, when it is determined that a load is not
placed above the plurality of heating coils based on the
first detection current; and determining whether a load is
placed above the plurality of heating coils based on an
electric signal in response to the second detection cur-
rent.
[0012] According to this aspect, a multi-coil induction
heating device that can accurately detect a load with less
energy in a short time can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

FIG. 1 is an exploded perspective view of an induc-
tion heating cooker according to a first exemplary
embodiment.
FIG. 2 is a plan view of the induction heating cooker,
according the first exemplary embodiment, from
which a top panel is removed.
FIG. 3 is a view illustrating sections A and B included
in left heating zone Lh, right heating zone Rh, and
central heating zone Ch, respectively.
FIG. 4 is a function block diagram regarding a section
where two heating coils 3 are driven by one driver 4.
FIG. 5 is a circuit block diagram regarding a section
where two heating coils 3 are driven by one driver 4.
FIG. 6A is a circuit block diagram illustrating a first
modification of the circuit block diagram illustrated
in FIG. 5.
FIG. 6B is a circuit block diagram illustrating a second
modification of the circuit block diagram illustrated
in FIG. 5.
FIG. 7A is a diagram schematically illustrating a
change over time in a peak value of an amplitude of
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a detection current for placement detection.
FIG. 7B is a diagram schematically illustrating a
change over time in a peak value of an amplitude of
a detection current for placement detection.
FIG. 8A is a timing chart illustrating operations of
switching elements 19a and 19b during detection pe-
riod Dp1.
FIG. 8B is a timing chart illustrating operations of
switching elements 19a and 19b during detection pe-
riod Dp2.
FIG. 9A is a flowchart for placement detection ac-
cording to the first exemplary embodiment.
FIG. 9B is a flowchart for placement detection ac-
cording to the first exemplary embodiment.
FIG. 10A is a timing chart for placement detection
and position identification according to the first ex-
emplary embodiment.
FIG. 10B is a timing chart of a gate signal input to
switching elements 19a and 19b during detection pe-
riod Dp1.
FIG. 10C is a timing chart of a gate signal input to
switching elements 19a and 19b during detection pe-
riod Dp2.
FIG. 10D is a timing chart of a gate signal input to
switching elements 19a and 19b during detection pe-
riod Dp3.
FIG. 11 is a flowchart for position identification ac-
cording to the first exemplary embodiment.
FIG. 12A is a timing chart for placement detection
and position identification according to a second ex-
emplary embodiment.
FIG. 12B is a flowchart for position identification ac-
cording to the second exemplary embodiment.
FIG. 13A is a block diagram of an induction heating
cooker for describing a concept of changing a de-
tection cycle according to a third exemplary embod-
iment.
FIG. 13B is a timing chart for describing a concept
of changing a detection cycle according to the third
exemplary embodiment.
FIG. 14A is a flowchart for changing a detection cycle
according to the third exemplary embodiment.
FIG. 14B is a flowchart for changing a detection cycle
according to the third exemplary embodiment.
FIG. 15A is a timing chart for describing a concept
of confirming a placement condition according to a
fourth exemplary embodiment.
FIG. 15B is a diagram illustrating patterns of a place-
ment condition for describing a concept of confirming
a placement condition according to the fourth exem-
plary embodiment.
FIG. 16A is a flowchart for confirming a placement
condition in a first detection cycle according to the
fourth exemplary embodiment.
FIG. 16B is a flowchart for confirming a placement
condition in a first detection cycle according to the
fourth exemplary embodiment.
FIG. 17A is a flowchart for confirming a placement

condition in second and subsequent detection cycles
according to the fourth exemplary embodiment.
FIG. 17B is a flowchart for confirming a placement
condition in second and subsequent detection cycles
according to the fourth exemplary embodiment.
FIG. 17C is a flowchart for confirming a placement
condition in second and subsequent detection cycles
according to the fourth exemplary embodiment.
FIG. 18A is a flowchart for placement detection ac-
cording to a fifth exemplary embodiment.
FIG. 18B is a flowchart for placement detection ac-
cording to the fifth exemplary embodiment.
FIG. 19A is a flowchart for position identification ac-
cording to the fifth exemplary embodiment.
FIG. 19B is a flowchart for position identification ac-
cording to the fifth exemplary embodiment.
FIG. 20A is a flowchart for confirming a placement
condition according to the fifth exemplary embodi-
ment.
FIG. 20B is a flowchart for confirming a placement
condition according to the fifth exemplary embodi-
ment.
FIG. 21 is a flowchart for confirming a placement
condition according to the fifth exemplary embodi-
ment.
FIG. 22A is a flowchart for changing a detection cycle
according to the fifth exemplary embodiment.
FIG. 22B is a flowchart for changing a detection cycle
according to the fifth exemplary embodiment.

DESCRIPTION OF EMBODIMENTS

[0014] A first aspect of the present disclosure provides
an induction heating device including a top panel on
which a load is placed, a plurality of heating coils provided
below the top panel, a driver that supplies a high frequen-
cy power to the plurality of heating coils, an electric signal
detector that detects an electric signal relating to an el-
ement included in the driver, and a controller that receives
the electric signal which is detected and controls the driv-
er.
[0015] In the induction heating device in this aspect,
the controller causes the driver to supply a first detection
current which is a high frequency power to the plurality
of heating coils, and determines whether a load is placed
above the plurality of heating coils based on an electric
signal in response to the first detection current.
[0016] When determining that a load is not placed
above the plurality of heating coils based on the first de-
tection current, the controller causes the driver to supply
a second detection current, which is a high frequency
power and has a larger current value than the first de-
tection current, to the plurality of heating coils. The con-
troller determines whether a load is placed above the
plurality of heating coils based on an electric signal in
response to the second detection current.
[0017] In addition to the first aspect, the induction heat-
ing device according to a second aspect of the present
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disclosure further includes a switching unit that connects
or disconnects each of the plurality of heating coils to or
from the driver under control of the controller.
[0018] When the first detection current or the second
detection current is supplied, the controller causes the
switching unit to connect all of the plurality of heating
coils to the driver.
[0019] When determining that a load is placed above
the plurality of heating coils based on the electric signal
in response to the first detection current or the second
detection current, the controller controls the driver and
the switching unit such that a third detection current which
is a high frequency power is sequentially and independ-
ently supplied to each of the plurality of heating coils.
[0020] The controller determines whether the load is
placed above each of the plurality of heating coils based
on an electric signal in response to the third detection
current.
[0021] In the first aspect, the induction heating device
according to a third aspect of the present disclosure is
configured such that the top panel has at least one heat-
ing zone, the at least one heating zone has a plurality of
sections, and the plurality of heating coils and the driver
are provided for one of the plurality of sections.
[0022] A fourth aspect of the present disclosure pro-
vides a load detection method in an induction heating
device. The load detection method according to this as-
pect includes: supplying a first detection current which is
a high frequency power to a plurality of heating coils pro-
vided below a top panel; and determining whether a load
is placed above the plurality of heating coils based on an
electric signal in response to the first detection current.
[0023] The load detection method according to this as-
pect also includes: supplying a second detection current,
which is a high frequency power and has a larger current
value than the first detection current, to the plurality of
heating coils, when it is determined that a load is not
placed above the plurality of heating coils based on the
first detection current; and determining whether a load is
placed above the plurality of heating coils based on an
electric signal in response to the second detection cur-
rent.
[0024] In addition to the fourth aspect, the load detec-
tion method in an induction heating device according to
a fifth aspect of the present disclosure includes connect-
ing all of the plurality of heating coils to the driver, when
the first detection current or the second detection current
is supplied.
[0025] The load detection method according to this as-
pect also includes: sequentially and independently sup-
plying a third detection current, which is a high frequency
power, to each of the plurality of heating coils, when it is
determined that a load is placed above the plurality of
heating coils based on an electric signal in response to
the first detection current or the second detection current;
and determining whether the load is placed above each
of the plurality of heating coils based on an electric signal
in response to the third detection current.

[0026] Exemplary embodiments of the present disclo-
sure will be described below with reference to the draw-
ings. In all of the following drawings, identical or equiva-
lent parts are given identical reference signs, and repeat-
ed description will be omitted.
[0027] Exemplary embodiments are one specific ex-
ample of the present disclosure. Numerical values,
shapes, configurations, steps, and order of the steps, for
example, illustrated in the following exemplary embodi-
ments are merely examples, and therefore are not in-
tended to limit the present disclosure.
[0028] The present disclosure also includes a config-
uration formed by appropriately combining configura-
tions according to some of the following exemplary em-
bodiments. Therefore, the combined configuration pro-
vides all the effects of the relevant exemplary embodi-
ments.
[0029] In the following, an induction heating cooker will
be described as one example of the induction heating
device according to the present disclosure. However, the
present disclosure is not limited to an induction heating
cooker.
[0030] In the following exemplary embodiments, left
and right indicate left and right, respectively, when the
induction heating cooker is viewed from a user using the
induction heating cooker. A user side of the induction
heating cooker is defined as a front of the induction heat-
ing cooker, and a side opposite to the user side is defined
as a rear of the induction heating cooker.

(First exemplary embodiment)

[0031] FIG. 1 is an exploded perspective view of an
induction heating cooker, which is an induction heating
device, according to a first exemplary embodiment of the
present disclosure. FIG. 2 is a plan view of the induction
heating cooker, according the present exemplary em-
bodiment, from which a top panel is removed.
[0032] As illustrated in FIGS. 1 and 2, the induction
heating cooker according to the present exemplary em-
bodiment includes housing 1, top panel 2 covering an
upper part of housing 1, and a plurality of heating coils 3
and operation display unit 5 which are provided inside
housing 1.
[0033] A plurality of heating coils 3 are aligned in a row
vertically or horizontally. Heating coils 3 have an elliptical
shape in a plan view.
[0034] Due to the arrangement of heating coils 3 illus-
trated in FIG. 2, top panel 2 has left heating zone Lh on
the left part, right heating zone Rh on the right part, and
central heating zone Ch between left heating zone Lh
and right heating zone Rh. Operation display area P is
formed between left heating zone Lh and right heating
zone Rh and in front of central heating zone Ch.
[0035] Four heating coils 3 are each disposed below
left heating zone Lh and right heating zone Rh. These
heating coils are aligned in a row in a front-rear direction
with a major axis of the ellipse extending along a hori-
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zontal direction.
[0036] Three heating coils 3 are disposed below cen-
tral heating zone Ch. These heating coils are aligned in
a row in the horizontal direction with the major axis of the
ellipse extending along the front-rear direction. Left heat-
ing zone Lh, right heating zone Rh, and central heating
zone Ch constitute heating zone H.
[0037] In the present exemplary embodiment, a
number of heating coils 3 provided respectively in left
heating zone Lh, right heating zone Rh, and central heat-
ing zone Ch is merely one example, and not limited there-
to. Although a plurality of heating coils 3 having an ellip-
tical shape in a plan view are used, heating coils having
a circular shape in a plan view may be used. The elliptical
shape does not only mean an elliptic shape in a strict
sense, and includes a shape with curved corners such
as an ovoid or a shape like a running track.
[0038] Operation display unit 5 is a touch panel device
which is provided below operation display area P and
having a liquid crystal display unit. When the induction
heating cooker is started, operation display unit 5 dis-
plays operation buttons, operation menu, operation de-
tail, operating state, and the like.
[0039] As illustrated in FIG. 2, a plurality of temperature
sensors are provided for detecting a temperature of a
load placed in heating zone H. Specifically, in left heating
zone Lh and right heating zone Rh, infrared sensors 6
are provided between two adjacent heating coils 3, and
thermistor 7 is provided at a center of each of heating
coils 3.
[0040] In central heating zone Ch, thermistor 7 is pro-
vided at a center of central heating coil 3 of three heating
coils 3. Thermistors 7 are provided to two heating coils
3 other than central heating coil 3 on outer circumferenc-
es facing left heating zone Lh and right heating zone Rh,
respectively. Infrared sensors 6 are provided between
two adjacent heating coils 3.
[0041] According to this configuration, a temperature
of a load can be accurately detected, wherever the load
is placed on heating zone H.
[0042] Driver 4 (not illustrated in FIG. 2) for driving
heating coils 3 and drive controller 11 (not illustrated in
FIG. 2) for controlling operation display unit 5 and driver
4 are provided inside housing 1. Driver 4 and drive con-
troller 11 will be described later.
[0043] FIG. 3 is a view illustrating two sections (sec-
tions A and B) included in left heating zone Lh, right heat-
ing zone Rh, and central heating zone Ch, respectively.
[0044] As illustrated in FIG. 3, in left heating zone Lh
and right heating zone Rh, section A has two heating
coils 3 which are heating coil A1 and heating coil A2 ar-
ranged behind heating coil A1. Section B has two heating
coils 3 which are heating coil B1 and heating coil B2 ar-
ranged behind heating coil B1.
[0045] In central heating zone Ch, section A has right-
most heating coil 3 of three heating coils 3, that is, heating
coil A2. Section B has remaining two heating coils 3 which
are heating coil B1 and heating coil B2 on the left of heat-

ing coil B1.
[0046] One driver 4 is provided to each section. Spe-
cifically, the induction heating cooker according to the
present exemplary embodiment has six drivers 4 in total.
In section A in central heating zone Ch, one driver 4 drives
one heating coil 3. In other sections, one driver 4 drives
two heating coils 3 through switching unit 8.
[0047] FIGS. 4 and 5 are respectively a function block
diagram and a circuit block diagram regarding the section
(for example, section A in left heating zone Lh) where
two heating coils 3 are driven by one driver 4.
[0048] As illustrated in FIGS. 4 and 5, two heating coils
3 (heating coils A1 and A2) are connected in parallel.
Switching unit 8 includes relay 8a and relay 8b that con-
nect heating coils A1, A2 to driver 4 or disconnect heating
coils A1, A2 from driver 4 under control of drive controller
11. Relays 8a, 8b are mechanical relays or semiconduc-
tor relays.
[0049] Driver 4 converts a power from commercial
power source 12 into a high frequency power. Driver 4
supplies the high frequency power to heating coils A1
and A2 through relay 8a, relay 8b, respectively.
[0050] Load detector 10 determines whether a load is
placed above heating coil A1 and heating coil A2 based
on an input current and an output current which have
been detected. Drive controller 11 controls driver 4 ac-
cording to the determination. In the present exemplary
embodiment, load detector 10 and drive controller 11
constitute controller 50.
[0051] Driver 4 includes diode bridge 15, filter circuit
18, inverter 9, snubber capacitor 20, resonant capacitors
21a and 21b, input current detector 13, and output current
detector 14.
[0052] Diode bridge 15 rectifies an alternating-current
power from commercial power source 12 and outputs a
direct-current power. Filter circuit 18 has choke coil 16
and capacitor 17 to filter the rectified direct-current pow-
er.
[0053] Inverter 9 is configured such that switching el-
ement 19a at a high-voltage side and switching element
19b at a low-voltage side are connected in series. An
insulated gate bipolar transistor (IGBT) is used for switch-
ing elements 19a and 19b. Reverse conducting diodes
are connected in parallel with switching elements 19a
and 19b, respectively. Inverter 9 is connected across ca-
pacitor 17. Drive controller 11 controls switching ele-
ments 19a and 19b.
[0054] Resonant capacitor 21a is connected in series
with heating coil A1 and constitutes a resonant circuit
together with heating coil A1. Resonant capacitor 21b is
connected in series with heating coil A2 and constitutes
a resonant circuit together with heating coil A2.
[0055] Snubber capacitor 20 reduces a switching loss
generated when switching elements 19a and 19b are
turned off. Snubber capacitor 20 is connected in parallel
with switching element 19b.
[0056] Input current detector 13 is an electric signal
detector, at an input side of driver 4, for detecting a current
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supplied to diode bridge 15. Output current detector 14
is an electric signal detector, at an output side of driver
4, for detecting a current flowing through inverter 9. Due
to these electric signal detectors, voltage values, current
values, and power values obtained through calculation
are detected.
[0057] FIG. 6A is a circuit block diagram illustrating a
first modification of the circuit block diagram illustrated
in FIG. 5. As illustrated in FIG. 6A, driver 4 includes res-
onant capacitor 21c in place of resonant capacitors 21a
and 21b in the present modification. Driver 4 includes
input voltage detector 22 and output current detector 23,
in place of input current detector 13 and output current
detector 14.
[0058] In addition, driver 4 includes clamp capacitor 24
connected in series with inverter 9 for suppressing a volt-
age generated in resonant capacitor 21c.
[0059] Input voltage detector 22 is an electric signal
detector at an input side of driver 4. Output current de-
tector 23 is an electric signal detector at an output side
of driver 4.
[0060] Resonant capacitor 21c is connected in parallel
with both heating coils A1 and A2 which are connected
in parallel. Resonant capacitor 21c constitutes one res-
onant circuit together with heating coil A1 and constitutes
another resonant circuit together with heating coil A2.
[0061] Input voltage detector 22 is an electric signal
detector, at an input side of driver 4, for detecting an
output voltage of filter circuit 18. Output current detector
23 is an electric signal detector, at an output side of driver
4, for detecting a current flowing through inverter 9. Load
detector 10 determines whether a load is placed on top
panel 2 based on detection values of input voltage de-
tector 22 and output current detector 23.
[0062] FIG. 6B is a circuit block diagram illustrating a
second modification of the circuit block diagram illustrat-
ed in FIG. 5. As illustrated in FIG. 6B, in the present mod-
ification, driver 4 has, in addition to the configuration of
the first modification illustrated in FIG. 6A, a series body
which is connected in parallel with resonant capacitor
21c and has resonant capacitor 21d and relay 25.
[0063] In the present modification, when relay 8a, relay
8b are both turned on, drive controller 11 turns on relay
25. Because resonant capacitor 21d is connected in par-
allel with resonant capacitor 21c, a combined capaci-
tance of resonant capacitors 21c, 21d is changed to a
value suitable for the present situation.

[Load detection]

[0064] The induction heating cooker according to the
present exemplary embodiment has wide heating zone
H formed by arranging a plurality of heating coils 3 below
top panel 2. Therefore, it is necessary to quickly and ac-
curately detect a position of a load placed on heating
zone H and identify a heating coil to be driven.
[0065] To this end, the induction heating cooker ac-
cording to the present exemplary embodiment periodi-

cally executes load detection after it is started. The load
detection includes placement detection and position
identification. The placement detection means that the
induction heating cooker determines where a load is
placed in heating zone H, and the position identification
means that the induction heating cooker identifies heat-
ing coil 3 above which a load is placed.
[0066] A process in section A and section B in left heat-
ing zone Lh will be described below. The similar process
is simultaneously performed in right heating zone Rh and
central heating zone Ch.

[Placement detection]

[0067] For the placement detection, two types of de-
tection currents (detection current Ds1 and second de-
tection current Ds2) for the load detection are supplied
to heating coils 3 arranged in sections A and B. The cur-
rent value of detection current Ds2 is larger than the cur-
rent value of detection current Ds1. The current values
of these detection currents are smaller than the current
value of the high frequency power for inductively heating
a load during cooking. Detection current Ds1 and detec-
tion current Ds2 correspond to a first detection current
and a second detection current, respectively.
[0068] FIGS. 7A and 7B schematically illustrate a
change over time in a peak value of an amplitude of the
detection current supplied to heating coils 3 arranged in
sections A and B for the placement detection.
[0069] As illustrated in FIG. 7A, detection current Ds1
is supplied to heating coils 3 arranged in sections A, B
during detection period Dp1. Thus, a relatively large load
such as a pot with a diameter of about 150 mm or more
can be detected.
[0070] If a load is not detected based on detection cur-
rent Ds1, detection current Ds2 is supplied to heating
coils 3 arranged in sections A and B during detection
period Dp2 following detection period Dp1 as illustrated
in FIG. 7B. Detection period Dp1 and detection period
Dp2 correspond to a first detection period and a second
detection period, respectively.
[0071] FIG. 8A is a timing chart illustrating operations
of switching element 19a and switching element 19b dur-
ing detection period Dp1. FIG. 8B is a timing chart illus-
trating operations of switching elements 19a and 19b dur-
ing detection period Dp2.
[0072] As illustrated in FIG. 8A, when switching ele-
ment 19b is turned on for on time Ton1 during detection
period Dp1, detection current Ds1 flows through heating
coils 3.
[0073] As illustrated in FIG. 8B, when switching ele-
ment 19b is turned on for on time Ton2 during detection
period Dp2, detection current Ds2 flows through heating
coils 3.
[0074] On time Ton2 is longer than on time Ton1. De-
tection periods Dp1, Dp2 are both 10 ms to 20 ms. Switch-
ing cycles of switching elements 19a and 19b are 50 ms.
The cycle (hereinafter referred to as a detection cycle)
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where the load detection is executed is set to a time within
1.2 seconds to 2.0 seconds, for example. In the present
exemplary embodiment, a predetermined detection cycle
(detection cycle T0) is set to 1.7 seconds.
[0075] FIGS. 9A and 9B are flowcharts for the place-
ment detection according to the present exemplary em-
bodiment. The placement detection needs to be per-
formed before the user issues an instruction to start heat-
ing to operation display unit 5. In the present exemplary
embodiment, when the induction heating cooker is start-
ed, the placement detection begins. The induction heat-
ing cooker may be provided with a proximity sensor such
that the placement detection begins when the proximity
sensor detects an approach of a person near the induc-
tion heating cooker.
[0076] As illustrated in FIG. 9A, in step S9-1, drive con-
troller 11 turns on a relay (if there is one) which has been
in an off state from among relays 8a, 8b in section A to
connect heating coils A1 and A2 in section A to inverter
9. In step S9-2, drive controller 11 turns on a relay (if
there is one) which has been in an off state from among
relays 8a, 8b in section B to connect heating coils B1 and
B2 in section B to inverter 9.
[0077] Before the placement detection is performed,
all relays in left heating zone Lh are turned on, and all
heating coils 3 are connected to inverter 9.
[0078] In step S9-3, detection current Ds1 is supplied
to heating coils A1 and A2 for on time Ton1 which is a
first predetermined time during detection period Dp1 (10
ms to 20 ms).
[0079] In step S9-4, load detector 10 performs a pre-
determined determination for the detection values of in-
put current detector 13 and output current detector 14 in
section A.
[0080] When the result in step S9-4 is Yes, load de-
tector 10 determines that a load is placed on section A
in step S9-7.
[0081] When the result in step S9-4 is No, detection
current Ds2 is supplied to heating coils A1 and A2 for on
time Ton2 which is a second predetermined time during
detection period Dp2 (10 ms to 20 ms) in step S9-5.
[0082] In step S9-6, load detector 10 performs a de-
termination similar to the determination in step S9-4 for
the detection values of input current detector 13 and out-
put current detector 14.
[0083] When the result in step S9-6 is Yes, load de-
tector 10 determines that a load is placed on section A
in step S9-7. When the result in step S9-6 is No, load
detector 10 determines that a load is not placed on sec-
tion A in step S9-8.
[0084] The determination for the placement detection
in steps S9-4 and S9-6 is performed based on the de-
tection values of input current detector 13 and output
current detector 14.
[0085] Specifically, load detector 10 has a first thresh-
old that is a threshold for input current detector 13 and a
second threshold that is a threshold for output current
detector 14. Load detector 10 detects that the detection

value of input current detector 13 is equal to or larger
than the first threshold and the detection value of output
current detector 14 is equal to or larger than the second
threshold.
[0086] When either of the detection values becomes
equal to or larger than the threshold, load detector 10
determines that the placed load occupies an area of a
predetermined proportion (for example, 40%) or more of
heating zone H facing heating coils A1 and A2.
[0087] The determination for the placement detection
may be performed based on a change in two consecutive
detection values of each of input current detector 13 and
output current detector 14, in addition to or in place of
the determination based on the detection values them-
selves as described above.
[0088] The threshold used in step S9-4 may be the
same as or different from the threshold used in step S9-6.
[0089] Similarly, in the modifications illustrated in
FIGS. 6A and 6B, the determination for the placement
detection is performed based on detection values of input
voltage detector 22 and output current detector 23 and/or
a change in two consecutive detection values of each of
input voltage detector 22 and output current detector 23.
[0090] As described above, the current value of detec-
tion current Ds1 is smaller than the current value of de-
tection current Ds2. Therefore, a load detected during
detection period Dp2 is smaller than a load detected dur-
ing detection period Dp1. A small pot with a minimum
diameter of 110 mm corresponds to the load detected
during detection period Dp2, but a metal material (for
example, knife or fork) of smaller than 100 mm x 20 mm
x 1.0 mm does not correspond to the load detected during
detection period Dp2.
[0091] Next, load detector 10 determines whether a
load is placed in section B. The placement detection for
section B is substantially the same as the placement de-
tection for section A.
[0092] In step S9-9, detection current Ds1 is supplied
to heating coils B1 and B2, which are connected in par-
allel, for on time Ton1 which is a first predetermined time
during detection period Dp1 (10 ms to 20 ms). The proc-
ess proceeds to FIG. 9B.
[0093] In step S9-10, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14.
[0094] When the result in step S9-10 is Yes, load de-
tector 10 determines that a load is placed on section B
in step S9-13.
[0095] When the result in step S9-10 is No, detection
current Ds2 is supplied to heating coils B1 and B2, which
are connected in parallel, for on time Ton2 which is a
second predetermined time during detection period Dp2
(10 ms to 20 ms) in step S9-11.
[0096] In step S9-12, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14.

11 12 



EP 3 509 396 B1

8

5

10

15

20

25

30

35

40

45

50

55

[0097] When the result in step S9-12 is Yes, load de-
tector 10 determines that a load is placed on section B
in step S9-13. When the result in step S9-12 is No, load
detector 10 determines that a load is not placed on sec-
tion B in step S9-14.
[0098] The determination in steps S9-10 and S9-12 is
performed in a similar manner as in steps S9-4 and S9-6,
respectively.
[0099] The placement detection is periodically execut-
ed. Therefore, when a large high frequency current is
used for the placement detection, a large leakage mag-
netic field may be generated from heating coils 3 in a
section where a load is not placed. Heating coils 3 in a
section where a load is placed may unnecessarily heat
the load.
[0100] In the present exemplary embodiment, detec-
tion current Ds1 is supplied to heating coil 3 for a short
time (on time Ton1). Thus, a load with a certain size can
be accurately detected in a short time with less energy.
When a load is not detected based on detection current
Ds1, the placement detection is again performed using
detection current Ds2, whereby a relatively small load
can be detected.
[0101] Besides the circuit configurations illustrated in
FIGS. 5, 6A, and 6B, the induction heating device ac-
cording to the present exemplary embodiment may have
a configuration for driving one heating coil by one driver
4. The induction heating device according to the present
exemplary embodiment may have a configuration for
driving three or more heating coils 3 by one driver 4
through switching unit 8.

[Position identification]

[0102] FIG. 10A is a timing chart for placement detec-
tion and position identification in sections A and B in left
heating zone Lh. As illustrated in FIG. 10A, in the present
exemplary embodiment, the placement detection and po-
sition identification are repeatedly performed at prede-
termined detection cycle T0. In detection cycle T0, the
placement detection is sequentially and independently
performed for sections A and B.
[0103] Then, the position identification is performed for
heating coil A1 in section A, heating coil A2 in section A,
heating coil A1 in section B, and heating coil A2 in section
B in this order. Switching units 8 in sections A and B
switch connection such that the relay corresponding to
heating coil 3 to be supplied with detection current Ds3
is turned on during detection period Dp3. Detection cur-
rent Ds3 corresponds to a third detection current.
[0104] After detection current Ds3 is supplied to heat-
ing coil A2, relay 8b in section A is kept on. After detection
current Ds3 is supplied to heating coil B2, relay 8b in
section B is kept on.
[0105] In the present exemplary embodiment, detec-
tion period Dp3 is 200 ms. Switching cycles of switching
elements 19a and 19b are 50 ms. Detection cycle T0 is
set to be a time within 1.2 seconds to 2.0 seconds. De-

tection cycle T0 is set to be 1.7 seconds. Detection period
Dp3 corresponds to a third detection period.
[0106] Signals illustrated in FIG. 10B are the same as
the signals in FIG. 8A, and they are gate signals input to
switching elements 19a and 19b during detection period
Dp1 (see FIG. 10A) for the placement detection. In FIG.
10B, on time Ton1 is 5 ms, and switching cycles of switch-
ing elements 19a and 19b are 50 ms.
[0107] Signals illustrated in FIG. 10C are the same as
the signals in FIG. 8B, and they are gate signals input to
switching elements 19a and 19b during detection period
Dp2 (see FIG. 10A) for the placement detection. In FIG.
10C, on time Ton2 is 9 ms, and switching cycles of switch-
ing elements 19a and 19b are 50 ms.
[0108] Signals illustrated in FIG. 10D are gate signals
input to switching elements 19a and 19b during detection
period Dp3 (see FIG. 10A) for the position identification.
[0109] In FIG. 10D, on time Ton3 of switching element
19b is gradually increased to a predetermined maximum
value. The maximum value of on time Ton3 is longer than
on time Ton2. When the identification of a zone is ended
until on time Ton3 reaches the maximum value, the in-
crease in on time Ton3 is stopped.
[0110] In the present exemplary embodiment, one cy-
cle of the switching operation of switching elements 19a
and 19b is 50 ms. On time Ton3 corresponds to a third
predetermined time. Note that detection current Ds3 in-
creases with the increase in on time Ton3.
[0111] FIG. 11 is a flowchart for position identification
according to the present exemplary embodiment. In a
case where it is determined that a load is placed in either
section A or B as a result of the placement detection, the
position identification is started.
[0112] As illustrated in FIG. 11, when the result of the
placement detection illustrated in FIG. 9A shows that "a
load is placed on section A" in step S11-1, the process
proceeds to step S11-2. If not, the process proceeds to
step S11-3.
[0113] In step S11-2, detection current Ds3 is sequen-
tially and independently supplied to heating coils A1 and
A2. Load detector 10 performs position identification in
section A by determining whether the load is placed
above each of heating coils A1 and A2.
[0114] As in the placement detection described above,
the determination for the position identification in step
S11-2 is performed based on detection values of input
current detector 13 and output current detector 14 and/or
a change in two consecutive detection values of each of
input current detector 13 and output current detector 14.
[0115] After the position identification for section A, po-
sition identification for section B is performed in steps
S11-3 and S11-4 in a similar manner as in steps S11-1
and S11-2.
[0116] Operation display unit 5 causes a portion of op-
eration display area P corresponding to the load place-
ment condition in heating zone H to emit light. This is a
state where the load detection is finished for all heating
coils 3 before the start of inducting heating. A load place-
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ment condition may be merely referred to as a placement
condition below.
[0117] In this state, drive controller 11 turns on relays
8a, 8b in all switching units 8. Thus, the load detection
can be executed in an area where a load is not placed
in heating zone H, and the load detection is continuously
executed in an area where the load is placed in heating
zone H.
[0118] Accordingly, when a change in the placement
condition occurs in an area where the load is placed in
heating zone H, this change can be detected. The change
in the placement condition means that the load is moved,
removed, or added.
[0119] In a case where a load is placed above heating
coil A1 and a load is not placed above heating coil A2 in
a state where heating coils A1, A2 are both connected
to inverter 9, for example, relay 8b is turned off to dis-
connect heating coil A2 from inverter 9.
[0120] This operation is performed when the same de-
tection result is obtained a predetermined number of
times in a row after the above condition is determined.
This is because, if this operation is performed just after
the above condition is detected, heating coil A2 is dis-
connected from inverter 9 only when the user picks up
the load and immediately places this load again, for ex-
ample.
[0121] For example, when a change in a predeter-
mined amount or more occurs in the detection value of
the electric signal detector in a state where switching unit
8 disconnects heating coil A1 from inverter 9 and con-
nects heating coil A2 to inverter 9 in section A, the load
detection is sequentially and independently performed
for heating coils A1, A2.
[0122] If the result is the same before the change in
the detection value is detected, drive detector 10 deter-
mines that there is no change in the placement condition,
and switching unit 8 returns to the state same as the state
before the change in the detection value is detected, that
is, to the state where heating coil A1 is disconnected from
inverter 9 and heating coil A2 is connected to inverter 9.
This is because the change in the detection value is highly
likely caused by a slight movement of the load which
does not need to change heating coil 3 to be driven.
[0123] If the result is different from the values before
the change in the detection values is detected, heating
coil A1 and heating coil A2 are both connected to inverter
9 to execute the load detection.
[0124] According to the present exemplary embodi-
ment, the operations of relays 8a, 8b can be reduced as
much as possible. In a case where relays 8a, 8b are of
mechanical type, generation of a switching sound can be
suppressed.
[0125] When the load detection for all heating coils 3
is finished, drive controller 11 turns on relays 8a, 8b in
all switching units 8 for connecting all heating coils 3 to
inverter 9.
[0126] As described above, according to the induction
heating device in the present exemplary embodiment,

controller 50 causes driver 4 to supply detection current
Ds1 which is a high frequency power to heating coils A1
and A2. Controller 50 determines whether a load is
placed above heating coils A1 and A2 based on a change
in an electric signal.
[0127] When determining that a load is not placed
above the heating coils A1 and A2, controller 50 causes
driver 4 to supply detection current Ds2 which is a high
frequency power and has a larger current value than de-
tection current Ds1 to heating coils A1 and A2.
[0128] Controller 50 determines whether a load is
placed above heating coils A1 and A2 based on a change
in an electric signal.
[0129] When detection current Ds1 or Ds2 is supplied,
controller 50 causes switching unit 8 to connect both
heating coils A1 and A2 to driver 4. Controller 50 deter-
mines whether a load is placed above heating coils A1
and A2 based on a change in an electric signal.
[0130] When determining that a load is placed above
heating coils A1 and A2, controller 50 controls driver 4
and switching unit 8 such that detection current Ds3
which is a high frequency power is sequentially and in-
dependently supplied to each of heating coils A1 and A2.
Controller 50 determines whether the load is placed
above each of heating coils A1 and A2.
[0131] In the induction heating device according to the
present exemplary embodiment, top panel 2 has left
heating zone Lh, central heating zone Ch, and right heat-
ing zone Rh, these heating zones have sections A and
B, and heating coils A1 and A2 and driver 4 are provided
for section A which is one of sections A and B.
[0132] Therefore, a position of a load placed on heating
zone H can be quickly and accurately detected, and a
heating coil to be driven can be identified.
[0133] In addition, in the induction heating device ac-
cording to the present exemplary embodiment, controller
50 controls driver 4 and switching unit 8 such that detec-
tion currents Ds1 and Ds2 are supplied to heating coils
A1 and A2, and controller 50 determines whether a load
is placed above heating coils A1 and A2 based on a
change in an electric signal.
[0134] When determining that a load is placed above
heating coils A1 and A2, controller 50 controls driver 4
and switching unit 8 such that detection current Ds3 is
sequentially and independently supplied to each of heat-
ing coils A1 and A2, thereby determining whether the
load is placed above each of heating coils A1 and A2.
[0135] After performing the determination for heating
coils A1 and A2, controller 50 causes switching unit 8 to
connect heating coils A1 and A2 to the driver.
[0136] In the present exemplary embodiment, a micro-
computer constitutes load detector 10 and drive control-
ler 11. The present disclosure is not limited thereto. How-
ever, if a programmable microcomputer is used, a
processing content can easily be changed, and thus, a
degree of freedom in design can be enhanced.
[0137] It is also possible that, to increase a processing
speed, load detector 10 and drive controller 11 are com-
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posed of a logic circuit. Load detector 10 and drive con-
troller 11 may be physically composed of one or more
elements. In a case where load detector 10 and drive
controller 11 are each composed of a plurality of ele-
ments, each item may correspond to one element. In this
case, it can be considered that these elements corre-
spond to load detector 10 and drive controller 11, respec-
tively.

(Second Exemplary Embodiment)

[0138] Hereinbelow, position identification of an induc-
tion heating cooker according to a second exemplary em-
bodiment of the present disclosure will be described.
[0139] The induction heating cooker in the present ex-
emplary embodiment has the same configuration as in
the first exemplary embodiment, and performs the same
placement detection as the placement detection in the
first exemplary embodiment. The present exemplary em-
bodiment is different from the first exemplary embodi-
ment in that position identification illustrated in FIGS. 12A
and 12B is performed in place of the position identification
in FIGS. 10A and 11. The position identification according
to the present exemplary embodiment is a modification
of the position identification in the first exemplary embod-
iment.
[0140] In the present exemplary embodiment, a proc-
ess in section A and section B in left heating zone Lh will
be described, as in the first exemplary embodiment. The
similar process is simultaneously performed in right heat-
ing zone Rh and central heating zone Ch.

[Modification of position identification]

[0141] FIG. 12A is a timing chart for placement detec-
tion and position identification in sections A and B in left
heating zone Lh. In FIG. 12A, only the order of the position
identification is different from that in FIG. 10A.
[0142] Specifically, in FIG. 10A, the position identifica-
tion is performed in the order of heating coil A1, heating
coil A2, heating coil B1, and heating coil B2. However,
in the present exemplary embodiment, the position iden-
tification is performed in the order of heating coil A1, heat-
ing coil B2, heating coil A2, and heating coil B1 as illus-
trated in FIG. 12A. Switching units 8 in sections A and B
switch connection such that the relay corresponding to
heating coil 3 to be supplied with detection current Ds3
is turned on during detection period Dp3.
[0143] After detection current Ds3 is supplied to heat-
ing coil A2, relay 8b in section A is kept on. After detection
current Ds3 is supplied to heating coil B1, relay 8a in
section B is kept on.
[0144] Gate signals input to switching elements 19a
and 19b during detection periods Dp1, Dp2, and Dp3 are
the same as those in FIGS. 10B, 10C, and 10D.
[0145] FIG. 12B is a flowchart for position identification
according to the present exemplary embodiment. As il-
lustrated in FIG. 12B, when the result of the placement

detection illustrated in FIG. 9A shows that "a load is
placed on section A" in step S12-1, the process proceeds
to step S12-2. If not, the process proceeds to step S12-3.
[0146] In step S12-2, detection current Ds3 is supplied
to heating coil A1. Load detector 10 determines whether
the load is placed above heating coil A1.
[0147] When the result of the placement detection il-
lustrated in FIG. 9A shows that "a load is placed on sec-
tion B" in step S12-3, the process proceeds to step S12-4.
If not, the process proceeds to step S12-5.
[0148] In step S12-4, detection current Ds3 is supplied
to heating coil B2. Load detector 10 determines whether
the load is placed above heating coil B1.
[0149] When the result of the placement detection il-
lustrated in FIG. 9A shows that "a load is placed on sec-
tion A" in step S12-5, the process proceeds to step S12-6.
If not, the process proceeds to step S12-7.
[0150] In step S12-6, detection current Ds3 is supplied
to heating coil A2. Load detector 10 determines whether
the load is placed above heating coil A2.
[0151] When the result of the placement detection il-
lustrated in FIG. 9A shows that "a load is placed on sec-
tion B" in step S12-7, the process proceeds to step S12-8.
If not, the process of the position identification is ended.
[0152] In step S12-8, detection current Ds3 is supplied
to heating coil B1. Load detector 10 determines whether
the load is placed above heating coil B2. Thus, the proc-
ess of the position identification is ended.
[0153] As in the first exemplary embodiment, the de-
termination for the position identification in steps S12-2,
S12-4, S12-6, and S12-8 is performed based on detec-
tion values of input current detector 13 and output current
detector 14 and/or a change in two consecutive detection
values of each of input current detector 13 and output
current detector 14.
[0154] According to these determinations, the position
identification in sections A and B is performed.
[0155] According to the present exemplary embodi-
ment, a detection current is supplied to section A and
section B from corresponding drivers 4, respectively.
Therefore, detection period Dp3 for heating coil B1 in
section B can be overlapped with detection period Dp3
for heating coil A1 in section A, for example. Accordingly,
the detection cycle can be shortened.
[0156] As described above, after detection current Ds3
is supplied to heating coil A2, relay 8b in section A is kept
on. After detection current Ds3 is supplied to heating coil
B1, relay 8a in section B is kept on. Therefore, when a
load is placed across heating coils A2, B1, heating coils
A2, B1 can be immediately driven without switching the
connection of switching units 8 after the end of the posi-
tion identification.

(Third Exemplary Embodiment)

[0157] Hereinbelow, a change in a detection cycle in
an induction heating cooker according to a third exem-
plary embodiment of the present disclosure will be de-
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scribed. According to the present exemplary embodi-
ment, a detection cycle is changed in addition to the load
detection illustrated in FIGS. 7A to 11 with the configu-
ration similar to the configuration according to the first
exemplary embodiment illustrated in FIGS. 1 to 5.

[Change in detection cycle]

[0158] FIG. 13A is a block diagram of an induction heat-
ing cooker for describing a concept of changing a detec-
tion cycle according to the present exemplary embodi-
ment. As illustrated in FIG. 13A, the induction heating
cooker for describing the concept is of a multi-coil type
having four heating coils (heating coils 31 to 34) arrayed
in line below top panel 2 and four drivers 4 driving the
respective heating coils.
[0159] FIG. 13B is a timing chart for describing the con-
cept of changing a detection cycle in the induction heating
cooker illustrated in FIG. 13A.
[0160] The upper half of FIG. 13B shows detection pe-
riods Dpa1 to Dpk1, Dpa2 to Dpk2, Dpa3 to Dpk3, and
detection periods Dpa4 to Dpk4 in which the placement
detection is performed for heating coils 31 to 34 in de-
tection cycles T(a) to T(k). The length of each of detection
cycles T(a) to T(k) is equal to detection cycle T0 de-
scribed above.
[0161] During these detection periods, load detector
10 detects whether a load is placed above heating coils
31 to 34 as in the placement detection performed during
detection period Dp1 illustrated in FIG. 12A.
[0162] The lower half of FIG. 13B shows whether a
load is placed above heating coils 31 to 34. Specifically,
the lower half of FIG. 13B shows that the load which has
been placed above heating coils 31 and 32 is moved to
a location above heating coils 32 and 33.
[0163] Therefore, as illustrated in the upper half of FIG.
13B, it is detected in detection cycles T(a), T(b) that the
load is placed above heating coils 31 and 32. In response
to this result, regarding heating coils 31 and 32, a detec-
tion period is not provided in detection cycles T(c), T(d),
and a detection period is provided in detection cycle T(e).
[0164] Specifically, when the placement of a load is
detected twice in a row, the detection cycle is extended.
In FIG. 13B, the detection cycle is extended to detection
cycle T1 which is three times as long as detection cycle
T0.
[0165] Next, a change in the detection cycle when a
load is moved will be described.
[0166] As illustrated in the lower half of FIG. 13B, when
the load which has been placed above heating coils 31
and 32 is moved to a location above heating coils 32 and
33 in detection cycle T(f), load detector 10 detects that
the load is placed above heating coil 33 during detection
period Dpf3 (see the upper half of FIG. 13B) for heating
coil 33.
[0167] In response to this result, regarding heating
coils 31 to 34, a detection period is provided and the
placement detection is performed in detection cycle T(g).

That is, the detection cycle for heating coils 31 and 32
which has been detection cycle T1 is shortened to de-
tection cycle T2. Accordingly, load detector 10 detects
that the load which has been placed above heating coils
31 and 32 is moved to a location above heating coils 32
and 33.
[0168] Regarding heating coils 31 to 34, a detection
period is provided and the placement detection is per-
formed in detection cycles T(g), T(h). When the place-
ment of the load is detected twice in a row, a detection
period is not provided in detection cycles T(i), T(j), and
a detection period is provided in detection cycle T(k), for
heating coils 32 and 33. That is, the detection cycle for
heating coils 32 and 33 is extended to detection cycle T1
which is three times as long as detection cycle T0.
[0169] According to the concept of changing the de-
tection cycle, in the multi-coil induction heating cooker,
the placement detection is performed every detection cy-
cle T1 for heating coils above which a load is detected
to be placed. For heating coils above which a load is not
detected to be placed, the load detection is performed at
detection cycle T0.
[0170] When it is detected that a load is placed above
heating coils above which a load has not been placed, a
detection period is provided for all heating coils in the
following detection cycle. That is, the detection cycle is
shortened. If there is no change in the placement condi-
tion afterward for the heating coil above which it has been
detected that another load is placed, the detection cycle
is again extended.
[0171] According to the concept of changing the de-
tection cycle, a frequency of the placement detection is
reduced for the load which has already been recognized.
Thus, generation of heat from the load by the detection
current can be suppressed. In a case where a plurality
of heating coils are driven by one driver through a switch-
ing unit, the switching operation of the switching unit can
be reduced.
[0172] A change in the detection cycle when the above
concept is applied to the induction heating cooker having
the circuit configuration illustrated in FIG. 5 will be de-
scribed below.
[0173] In the present exemplary embodiment, a proc-
ess in section A and section B in left heating zone Lh will
be described, as in the first and second exemplary em-
bodiments. The similar process is simultaneously per-
formed in right heating zone Rh and central heating zone
Ch.
[0174] FIGS. 14A and 14B are flowcharts for changing
a detection cycle according to the present exemplary em-
bodiment. The change in the detection cycle illustrated
in FIGS. 14A and 14B is executed after the execution of
the load detection including the above placement detec-
tion and, if necessary, the above position identification.
[0175] As illustrated in FIGS. 14A and 14B, in step
S14-1, drive controller 11 determines whether the place-
ment detection is performed a predetermined number of
times (N times, for example, five times) in a row. In step
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S14-2, the placement detection illustrated in FIGS. 9A
and 9B is performed until the number of times of the
placement detection becomes N. When the placement
detection is performed N times in a row, the process pro-
ceeds to step S14-3.
[0176] In step S14-3, detection current Ds1 is supplied
to heating coils A1 and A2 for on time Ton1 during de-
tection period Dp1.
[0177] In step S14-4, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section A. With this
process, a relatively large load such as a pot with a di-
ameter of about 150 mm or more is detected.
[0178] When the result in step S14-4 is No, that is,
when a load is not detected based on detection current
Ds1, detection current Ds2 is supplied to heating coils
A1 and A2 for on time Ton2 during detection period Dp2
in step S14-5.
[0179] In step S14-6, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section A. When
the result in step S14-6 is No, load detector 10 determines
that a load is not placed on section A in step S14-10. The
process proceeds to FIG. 14B.
[0180] On the other hand, when the result in step S14-4
or S14-6 is Yes, load detector 10 determines that a load
is placed on section A in step S14-7. In step S14-8, load
detector 10 determines whether the result of the latest
placement detection is the same as the result in the pre-
vious detection cycle.
[0181] When the result in step S14-8 is Yes, the de-
tection cycle for section A is extended to detection cycle
T1 from detection cycle T0 in step S14-9. In the present
exemplary embodiment, detection cycle T1 is 8 seconds.
Then, the process proceeds to FIG. 14B. When the result
in step S14-8 is No, the process proceeds to FIG. 14B.
[0182] In steps S14-11 to S14-18 in FIG. 14B, proc-
esses similar to the processes in steps S14-3 to S14-10
are performed for section B.
[0183] In step S14-11, detection current Ds1 is sup-
plied to heating coils B1 and B2 for on time Ton1 during
detection period Dp1.
[0184] In step S14-12, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section B.
[0185] When the result in step S14-12 is No, that is,
when a load is not detected based on detection current
Ds1, detection current Ds2 is supplied to heating coils
B1 and B2 for on time Ton2 during detection period Dp2
in step S14-13.
[0186] In step S14-14, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section B.
[0187] When the result in step S14-14 is No, that is,

when a load is not detected even based on detection
current Ds2, load detector 10 determines that a load is
not placed on section B in step S14-18. Then, the process
proceeds to step S14-19.
[0188] On the other hand, when the result in step
S14-12 or S14-14 is Yes, that is, when a load is detected
based on detection current Ds1 or Ds2, load detector 10
determines that the load is placed on section B in step
S14-15. In step S14-16, load detector 10 determines
whether the result of the latest placement detection is
the same as the result in the previous detection cycle.
[0189] When the result in step S14-16 is Yes, the de-
tection cycle for section B is extended to detection cycle
T1 from detection cycle T0 in step S14-17. Then, the
process proceeds to step S14-19. When the result in step
S14-16 is No, the process proceeds to step S14-19.
[0190] In step S14-19, the placement detection is per-
formed. In step S14-20, load detector 10 determines
whether there is a change in the placement condition
regarding other heating zones, for example, central heat-
ing zone Ch.
[0191] When the result in step S14-20 is No, the place-
ment detection is performed every determined detection
cycle. When the result in step S14-20 is Yes, drive con-
troller 11 sets the detection cycle to detection cycle T0
in step S14-21. That is, if the detection cycle has been
set to detection cycle T1, the detection cycle is returned
to detection cycle T0.
[0192] According to the change in the detection cycle
in the present exemplary embodiment, when load detec-
tor 10 determines that a load is placed on section A or B
N times (for example, five times) in a row as a result of
the placement detection performed every detection cycle
T0, drive controller 11 extends the detection cycle for
heating coils in this section to detection cycle T1 from
detection cycle T0.
[0193] According to the change in the detection cycle
in the present exemplary embodiment, the placement de-
tection is executed every extended detection cycle T1
for the section where a load is placed. For the section
where a load is not placed, the placement detection is
executed every detection cycle T0.
[0194] When load detector 10 newly detects that a load
is placed in another heating zone (for example, central
heating zone Ch) where a load has not been placed, after
the change in the detection cycle, drive controller 11 re-
sets the detection cycle which has been set to detection
cycle T1 to detection cycle T0.
[0195] According to the change in the detection cycle
in the present exemplary embodiment, a frequency of
the placement detection is reduced for the load which
has already been recognized. Thus, generation of heat
from the load by the detection current can be suppressed.
[0196] In a case where a plurality of heating coils are
driven by one driver through a switching unit, the switch-
ing operation of the switching unit can be reduced. Thus,
sound generation during switching of relays can be sup-
pressed.
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[0197] As described in the first exemplary embodi-
ment, in a case where a load is placed above heating
coil A1 and a load is not placed above heating coil A2,
for example, relay 8b is turned off to disconnect heating
coil A2 from inverter 9.
[0198] However, in this case as well, relay 8b may be
turned on to connect heating coil A2 to inverter 9, and
the detection cycle for heating coil A2 may be extended
in a similar manner as the detection cycle for heating coil
A1. Thus, sound generation during switching of a relay
can be suppressed.
[0199] According to the present exemplary embodi-
ment, when a load is moved, a heating coil to be driven
can quickly be identified.
[0200] The above is the description of changing the
detection cycle when a load is moved in the heating zone
(left heating zone Lh in the above description). In a case
where the load which has been placed in the heating
zone is removed or a load is added to the heating zone,
the detection cycle is similarly changed.

(Fourth Exemplary Embodiment)

[0201] Hereinbelow, confirmation of a placement con-
dition in an induction heating cooker according to a fourth
exemplary embodiment of the present disclosure will be
described. According to the present exemplary embodi-
ment, a placement condition is confirmed in addition to
the load detection illustrated in FIGS. 7A to 11, 14A, and
14B with the configuration similar to the configuration ac-
cording to the first exemplary embodiment illustrated in
FIGS. 1 to 5.

[Confirmation of placement condition]

[0202] A concept of confirming a placement condition
according to the present exemplary embodiment will be
described using the induction heating cooker illustrated
in FIG. 13A, as in the description for a change in the
detection cycle.
[0203] FIG. 15A is a timing chart for describing the con-
cept of confirming a placement condition according to
the fourth exemplary embodiment.
[0204] The upper half of FIG. 15A shows detection pe-
riods Dpa1 to Dpd1, Dpa2 to Dpd2, Dpa3 to Dpd3, and
detection periods Dpa4 to Dpd4 in which the placement
detection is performed for heating coils 31 to 34 in de-
tection cycles T(a) to T(d). The length of each of detection
cycles T(a) to T(d) is equal to detection cycle T0 de-
scribed above.
[0205] During these detection periods, load detector
10 determines whether a load is placed above heating
coils 31 to 34 as in the placement detection performed
during detection period Dp1 illustrated in FIG. 12A.
[0206] The lower half of FIG. 15A shows a change over
time in the placement condition above heating coils 31
to 34. FIG. 15B illustrates patterns of the placement con-
dition of loads (pots La, Lb, and Lc) above heating coils

31 to 34.
[0207] As illustrated in FIG. 15B, in state Sa, pot La is
placed above heating coils 33 and 34. In state Sb, pot
La is placed above heating coils 32, 33, and 34. In state
Sc, pot Lb is placed above heating coils 33 and 34. In
state Sd, pot Lb is placed above heating coils 33 and 34,
and pot Lc is placed above heating coil 32.
[0208] As illustrated in the lower half of FIG. 15A, con-
firmation of the placement condition in the case of "state
Sa → state Sb" and the case of "state Sc → state Sd"
will be described.
[0209] The case of "state Sa → state Sb" indicates that
the placement condition is changed to state Sb from state
Sa by moving pot La slightly. The case of "state Sc →
state Sd" indicates that the placement condition is
changed to state Sd from state Sc by adding pot Lc to
the condition where pot Lb is placed.
[0210] Firstly, confirmation of the placement condition
in the case of "state Sa → state Sb" will be described.
[0211] During detection period Dpa3 for heating coil
33 and detection period Dpa4 for heating coil 34 in de-
tection cycle T(a), load detector 10 detects that pot La is
placed as in state Sa. Load detector 10 tentatively deter-
mines that the placement condition is state Sa based on
this result.
[0212] During detection period Dpb2 for heating coil
32, detection period Dpb3 for heating coil 33, and detec-
tion period Dpb4 for heating coil 34 in detection cycle
T(b), load detector 10 detects that pot La is placed as in
state Sb. Load detector 10 again tentatively determines
that the placement condition is state Sb based on this
result.
[0213] If the result of the placement detection in detec-
tion cycle T(c) is the same as the result in detection cycle
T(b), load detector 10 confirms that the placement con-
dition is state Sb. If not, load detector 10 again performs
a tentative determination for the placement condition.
[0214] Next, confirmation of a placement condition in
the case of "state Sc → state Sd" will be described.
[0215] During detection period Dpa3 for heating coil
33 and detection period Dpa4 for heating coil 34 in de-
tection cycle T(a), load detector 10 detects that pot La is
placed as in state Sc. Load detector 10 tentatively deter-
mines that the placement condition is state Sc based on
this result.
[0216] When checking that there is no change in the
placement condition and state Sc is continued in detec-
tion cycle T(b), load detector 10 confirms that the place-
ment condition is state Sc.
[0217] During detection cycle T(c), the detection result
for heating coil 32 in detection period Dpc2 is changed.
Based on this result, load detector 10 tentatively deter-
mines that another load is additionally placed above heat-
ing coil 32 in confirmed state Sc.
[0218] When checking in detection cycle T(d) that there
is no change in the detection result during the detection
period for heating coil 32 and the same state is continued,
load detector 10 confirms that another load is placed
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above heating coil 32. Thus, it is confirmed that the place-
ment condition is state Sd.
[0219] According to the confirmation of a placement
condition in the present exemplary embodiment, when a
change in the placement condition is tentatively deter-
mined during the detection period in which the change
is firstly detected, and the same detection result is con-
tinuously obtained in the following detection cycle, the
tentative determination is changed to final determination.
Furthermore, the tentative determination may be
changed to final determination when the same detection
result is continuously obtained in at least one following
detection cycle after the tentative determination.
[0220] Confirmation of a placement condition when the
above concept is applied to the induction heating cooker
having the circuit configuration illustrated in FIG. 5 will
be described below.
[0221] In the present exemplary embodiment, a proc-
ess in section A and section B in left heating zone Lh will
be described, as in the first to third exemplary embodi-
ments. The similar process is simultaneously performed
in right heating zone Rh and central heating zone Ch.
[0222] FIGS. 16A and 16B are flowcharts for confirma-
tion of a placement condition in the first detection cycle
after the induction heating device is started, for example.
[0223] FIGS. 17A to 17C are flowcharts for confirma-
tion of a placement condition in the second and subse-
quent detection cycles following the detection cycle
where the processes illustrated in FIGS. 16A and 16B
are performed.
[0224] Steps S16-1 to S16-14 in FIGS. 16A and 16B
are the same as steps S9-1 to S9-14 in FIGS. 9A and 9B
for the placement detection according to the first exem-
plary embodiment. Therefore, steps S16-1 to S16-14 will
not be described, and the subsequent steps following
step S16-14 will be described below.
[0225] When the result of the processes in steps S16-1
to S16-14 shows that "a load is placed on section A" in
step S16-15, the process proceeds to step S16-16. If not,
the process proceeds to step S16-18.
[0226] In step S16-16, detection current Ds3 is se-
quentially and independently supplied to heating coils A1
and A2. Load detector 10 performs position identification
in section A by determining whether the load is placed
above each of heating coils A1 and A2 in section A.
[0227] In step S16-17, load detector 10 tentatively de-
termines the placement condition which is the result of
the position identification in section A.
[0228] As in the first exemplary embodiment, the de-
termination for the position identification in step S16-16
is performed based on detection values of input current
detector 13 and output current detector 14 and/or a
change in two consecutive detection values of each of
input current detector 13 and output current detector 14.
[0229] In steps S16-18 to S16-20, the processes sim-
ilar to the processes in steps S16-15 to S16-17 for section
A are performed for section B. Thus, the placement con-
dition in sections A and B is tentatively determined.

[0230] During the second and subsequent detection
cycles following the first detection cycle where the proc-
esses illustrated in FIGS. 16A and 16B are performed,
processes illustrated in FIGS. 17A to 17C are repeatedly
performed.
[0231] In step S17-1 in FIG. 17A, a relay (if there is
one) which has been in an off state from among relays
8a, 8b in section A is turned on to connect heating coils
A1 and A2 to inverter 9 in section A. In step S17-2, a
relay (if there is one) which has been in an off state from
among relays 8a, 8b in section B is turned on to connect
heating coils B1 and B2 to inverter 9 in section B.
[0232] In step S17-3, detection current Ds1 is supplied
to heating coils A1 and A2 for on time Ton1 during de-
tection period Dp1.
[0233] In step S17-4, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section A. With this
process, a relatively large load such as a pot with a di-
ameter of about 150 mm or more can be detected.
[0234] When the result in step S17-4 is No, that is,
when a load is not detected based on detection current
Ds1, detection current Ds2 is supplied to heating coils
A1 and A2 for on time Ton2 during detection period Dp2
in step S17-5.
[0235] In step S17-6, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section A. When
the result in step S17-6 is No, load detector 10 determines
that a load is not placed on section A in step S17-10. The
process proceeds to FIG. 17B.
[0236] On the other hand, when the result in step S17-4
or S17-6 is Yes, load detector 10 determines that a load
is placed on section A in step S17-7. In step S17-8, load
detector 10 determines whether the result of the latest
placement detection is the same as the result in the pre-
vious detection cycle.
[0237] When the result in step S17-8 is Yes, load de-
tector 10 confirms the placement condition in section A
in step S17-9. The process proceeds to FIG. 17B. When
the result in step S17-8 is No, the process proceeds to
FIG. 17B.
[0238] In steps S17-11 to S17-18 in FIG. 17B, the proc-
esses similar to the processes in steps S17-3 to S17-10
in FIG. 17A for section A are performed for section B.
[0239] In step S17-11, detection current Ds1 is sup-
plied to heating coils B1 and B2 for on time Ton1 during
detection period Dp1.
[0240] In step S17-12, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section B.
[0241] When the result in step S17-12 is No, that is,
when a load is not detected based on detection current
Ds1, detection current Ds2 is supplied to heating coils
B1 and B2 for on time Ton2 during detection period Dp2
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in step S17-13.
[0242] In step S17-14, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section B.
[0243] When the result in step S17-14 is No, that is,
when a load is not detected even based on detection
current Ds2, load detector 10 determines that a load is
not placed on section B in step S17-18. The process pro-
ceeds to FIG. 17C.
[0244] On the other hand, when the result in step
S17-12 or S17-14 is Yes, that is, when a load is detected
based on detection current Ds1 or Ds2, load detector 10
determines that a load is placed on section B in step
S17-15. In step S17-16, load detector 10 determines
whether the result of the latest placement detection is
the same as the result in the previous detection cycle.
[0245] When the result in step S17-16 is Yes, load de-
tector 10 confirms the placement condition in section B
in step S17-17. The process proceeds to FIG. 17C. When
the result in step S17-16 is No, the process proceeds to
FIG. 17C.
[0246] As illustrated in FIG. 17C, when the result of the
confirmation of the placement condition illustrated in FIG.
17A shows that "the placement condition in section A has
been confirmed" in step S17-19, the process proceeds
to step S17-23. If not, the process proceeds to step
S17-20.
[0247] When the result of the confirmation of the place-
ment condition illustrated in FIG. 17A shows that "a load
is placed on section A" in step S17-20, the process pro-
ceeds to step S17-21. If not, the process proceeds to
step S17-23.
[0248] In step S17-21, detection current Ds3 is se-
quentially and independently supplied to heating coils A1
and A2. Load detector 10 performs position identification
in section A by determining whether the load is placed
above each of heating coils A1 and A2 in section A.
[0249] In step S17-22, load detector 10 tentatively de-
termines the placement condition which is the result of
the position identification in section A.
[0250] In steps S17-23 to S17-26, the processes sim-
ilar to the processes in steps S17-19 to S17-22 for section
A are performed for section B. Thus, the confirmation of
the placement condition during the second and subse-
quent detection cycles is ended. The processes in FIGS.
17A to 17C are also repeatedly performed in the next
and subsequent detection cycles.
[0251] According to the confirmation of the placement
condition in the present exemplary embodiment, when it
is detected that a load is placed above a heating coil
adjacent to the heating coil above which a load is placed
until a predetermined number of detection cycles elaps-
es, load detector 10 determines that this condition is
caused by the movement of the load. When a similar
change is detected after a time longer than the predeter-
mined number of detection cycles has elapsed, load de-
tector 10 determines that this condition is caused by an-

other load being placed.
[0252] In this way, the induction heating cooker accord-
ing to the present exemplary embodiment can determine
the placement condition of a load.
[0253] According to the confirmation of a placement
condition in the present exemplary embodiment, after
load detection and a tentative determination or confirma-
tion of the placement condition in section A are finished,
load detection and a tentative determination or confirma-
tion of the placement condition in section B are per-
formed.
[0254] However, the exemplary embodiment is not lim-
ited thereto. For example, after load detection in both
sections A and B is finished, a tentative determination or
confirmation of the placement condition in sections A, B
may be performed.
[0255] After load detection for not only left heating zone
Lh but also entire heating zone H is performed, a tentative
determination or confirmation of the placement condition
may be performed.
[0256] According to the confirmation of a placement
condition in the present exemplary embodiment, when a
load is placed across a plurality of heating zones, load
detector 10 can detect the placement condition of the
load with higher accuracy. Accordingly, drive controller
11 can drive an appropriate heating coil corresponding
to the placement condition to inductively heat the load.

(Fifth Exemplary Embodiment)

[0257] An induction heating cooker according to a fifth
exemplary embodiment of the present disclosure will be
described below with reference to FIGS. 18A to 22B.
[0258] The induction heating cooker in the present ex-
emplary embodiment has the same configuration as the
first exemplary embodiment illustrated in FIGS. 1 to 5.
The induction heating cooker according to the present
exemplary embodiment sequentially executes the place-
ment detection according to the first exemplary embod-
iment, the position identification according to the second
exemplary embodiment, the change in a detection cycle
according to the third exemplary embodiment, and the
confirmation of a placement condition according to the
fourth exemplary embodiment.
[0259] In the present exemplary embodiment, a proc-
ess in section A and section B in left heating zone Lh will
be described, as in the first to fourth exemplary embod-
iments. The similar process is simultaneously performed
in right heating zone Rh and central heating zone Ch.
[0260] FIGS. 18A and 18B are flowcharts for place-
ment detection according to the present exemplary em-
bodiment. Placement detection indicated in steps S18-1
to S18-14 in FIGS. 18A and 18B is the same as the place-
ment detection in steps S9-1 to S9-14 in FIGS. 9A and
9B according to the first exemplary embodiment. There-
fore, the description for FIGS. 18A and 18B will be omit-
ted.
[0261] FIGS. 19A and 19B are flowcharts for position
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identification according to the present exemplary embod-
iment. Position identification in steps S19-1 to S19-8 in
FIG. 19A is the same as the position identification illus-
trated in FIG. 12B according to the second exemplary
embodiment. Therefore, the description for FIG. 19A will
be omitted.
[0262] When the result of the position identification il-
lustrated in FIG. 19B shows that "a load is placed above
at least one of heating coils A1 and A2" in step S19-9 in
FIG. 19B, the process proceeds to step S19-10. If not,
the process proceeds to step S19-11.
[0263] In step S19-10, load detector 10 tentatively de-
termines the placement condition in section A.
[0264] When the result of the position identification il-
lustrated in FIG. 19B shows that "a load is placed above
at least one of heating coils B1 and B2" in step S19-11,
the process proceeds to step S19-12. If not, the process
proceeds to FIG. 20A.
[0265] In step S19-12, load detector 10 tentatively de-
termines the placement condition in section B. The proc-
ess proceeds to FIG. 20A.
[0266] FIGS. 20A, 20B, and 21 are flowcharts for con-
firming a placement condition according to the present
exemplary embodiment.
[0267] Confirmation of a placement condition indicated
in steps S20-1 to S20-18 in FIGS. 20A and 20B is the
same as the confirmation of a placement condition in
steps S17-1 to S17-18 in FIGS. 17A and 17B according
to the fourth exemplary embodiment. Therefore, the de-
scription for FIGS. 20A and 20B will be omitted.
[0268] As illustrated in FIG. 21, when the result of the
confirmation of the placement condition illustrated in FIG.
20A shows that "the placement condition in section A has
been confirmed" in step S21-1, the process proceeds to
step S21-6. If not, the process proceeds to step S21-2.
[0269] When the result of the confirmation of the place-
ment condition illustrated in FIG. 20B shows that "the
placement condition in section B has been confirmed" in
step S21-2, the process proceeds to step S21-3. If not,
load detector 10 concludes that "the placement condition
has not been confirmed in sections A and B", and ends
the confirmation of a placement condition. The process
returns to step S19-1 in FIG. 19A for again performing
position identification.
[0270] When the result of the process illustrated in FIG.
20A shows that "a load is placed on section A" in step
S21-3, the process proceeds to step S21-4. If not, load
detector 10 concludes that "the placement condition has
been confirmed in section B and a load is not placed on
section A", and ends the confirmation of a placement
condition. The process proceeds to FIG. 22A.
[0271] In step S21-4, detection current Ds3 is sequen-
tially and independently supplied to heating coils A1 and
A2. Load detector 10 determines whether the load is
placed above each of heating coils A1 and A2.
[0272] In step S21-5, load detector 10 concludes that
"the placement condition has been confirmed in section
B and the placement condition has been tentatively de-

termined in section A", and ends the confirmation of a
placement condition. The process proceeds to FIG. 22A.
[0273] In a case where the result of the process illus-
trated in FIG. 20B shows that "the placement condition
in section B has been confirmed" in step S21-6, load
detector 10 concludes that "the placement condition has
been confirmed in sections A and B", and ends the con-
firmation of a placement condition. The process proceeds
to FIG. 22A. If not, the process proceeds to step S21-7.
[0274] When the result of the confirmation of the place-
ment condition illustrated in FIG. 20B shows that "a load
is placed on section B" in step S21-7, the process pro-
ceeds to step S21-8. If not, load detector 10 concludes
that "the placement condition has been confirmed in sec-
tion A and a load is not placed on section B", and ends
the confirmation of a placement condition. The process
proceeds to FIG. 22A.
[0275] In step S21-8, detection current Ds3 is sequen-
tially and independently supplied to heating coils B1 and
B2. Load detector 10 determines whether the load is
placed above each of heating coils B1 and B2.
[0276] In step S21-9, load detector 10 concludes that
"the placement condition has been confirmed in section
A and the placement condition has been tentatively de-
termined in section B", and ends the confirmation of a
placement condition. The process proceeds to FIG. 22A.
[0277] As described above, the confirmation of a place-
ment condition illustrated in FIGS. 20A, 20B, and 21 is
executed in the second detection cycle, and then, a
change in a detection cycle illustrated in FIGS. 22A and
22B is executed in the third and subsequent detection
cycles.
[0278] FIGS. 22A and 22B are flowcharts for changing
a detection cycle according to the present exemplary em-
bodiment.
[0279] As illustrated in FIGS. 22A and 22B, in step
S22-1, drive controller 11 determines whether the place-
ment detection is performed a predetermined number of
times (N times, for example, five times) in a row. Until
the number of times of the placement detection becomes
N, the process returns to step S20-1 in FIG. 20A. When
the placement detection is performed N times in a row,
the process proceeds to step S22-2.
[0280] In step S22-2, a relay (if there is one) which has
been in an off state from among relays 8a, 8b in section
A is turned on to connect heating coils A1 and A2 to
inverter 9 in section A. In step S22-3, a relay (if there is
one) which has been in an off state from among relays
8a, 8b in section B is turned on to connect heating coils
B1 and B2 to inverter 9 in section B.
[0281] In step S22-4, detection current Ds1 is supplied
to heating coils A1 and A2 for on time Ton1 during de-
tection period Dp1.
[0282] In step S22-5, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section A. With this
process, a relatively large load such as a pot with a di-
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ameter of about 150 mm or more is detected.
[0283] When the result in step S22-5 is No, that is,
when a load is not detected based on detection current
Ds1, detection current Ds2 is supplied to heating coils
A1 and A2 for on time Ton2 during detection period Dp2
in step S22-6.
[0284] In step S22-7, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section A. When
the result in step S22-7 is No, load detector 10 determines
that a load is not placed on section A in step S22-11. The
process proceeds to FIG. 22B.
[0285] On the other hand, when the result in step S22-5
or S22-7 is Yes, load detector 10 determines that a load
is placed on section A in step S22-8. In step S22-9, load
detector 10 determines whether the result of the latest
placement detection is the same as the result in the pre-
vious detection cycle.
[0286] When the result in step S22-9 is Yes, the de-
tection cycle for section A is extended to detection cycle
T1 from detection cycle T0 in step S22-10. In the present
exemplary embodiment, detection cycle T1 is 8 seconds.
Then, the process proceeds to FIG. 22B. When the result
in step S22-9 is No, the process proceeds to FIG. 22B.
[0287] In steps S22-12 to S22-19 in FIG. 22B, proc-
esses similar to the processes in steps S22-4 to S22-11
are performed for section B.
[0288] In step S22-12, detection current Ds1 is sup-
plied to heating coils B1 and B2 for on time Ton1 during
detection period Dp1.
[0289] In step S22-13, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section B.
[0290] When the result in step S22-13 is No, that is,
when a load is not detected based on detection current
Ds1, detection current Ds2 is supplied to heating coils
B1 and B2 for on time Ton2 during detection period Dp2
in step S22-14.
[0291] In step S22-15, load detector 10 performs a de-
termination similar to the determination in step S9-4 in
FIG. 9A for the detection values of input current detector
13 and output current detector 14 for section B.
[0292] When the result in step S22-15 is No, that is,
when a load is not detected even based on detection
current Ds2, load detector 10 determines that a load is
not placed on section B in step S22-19. Then, the process
proceeds to step S22-20.
[0293] On the other hand, when the result in step
S22-13 or S22-15 is Yes, that is, when a load is detected
based on detection current Ds1 or Ds2, load detector 10
determines that the load is placed on section B in step
S22-16. In step S22-17, load detector 10 determines
whether the result of the latest placement detection is
the same as the result in the previous detection cycle.
[0294] When the result in step S22-17 is Yes, the de-
tection cycle for section B is extended to detection cycle

T1 from detection cycle T0 in step S22-18. Then, the
process proceeds to step S22-20. When the result in step
S22-17 is No, the process proceeds to step S22-20.
[0295] In step S22-20, the placement detection is per-
formed. In step S22-21, load detector 10 determines
whether there is a change in the placement condition
regarding other heating zones, for example, central heat-
ing zone Ch.
[0296] When the result in step S22-21 is No, the place-
ment detection is performed every determined detection
cycle. When the result in step S22-21 is Yes, drive con-
troller 11 sets the detection cycle to detection cycle T0
in step S22-22. That is, if the detection cycle has been
set to detection cycle T1, the detection cycle is returned
to detection cycle T0.
[0297] In the present exemplary embodiment, when it
is detected that a load is placed in section A, a tentative
determination or confirmation is performed for the place-
ment condition in section A. When it is also detected that
a load is placed in section B, a tentative determination
or confirmation is performed for the placement condition
in section B.
[0298] However, when the load detection for sections
A and B is ended, a tentative determination or confirma-
tion may be performed for the placement conditions in
sections A and B.
[0299] After load detection for not only left heating zone
Lh but also entire heating zone H is ended, a tentative
determination or confirmation may be performed for a
placement condition in entire heating zone H.
[0300] Thus, in a case where a load is placed across
a plurality of sections, the placement condition of the load
can accurately be detected.

INDUSTRIAL APPLICABILITY

[0301] The present disclosure is applicable to a multi-
coil induction heating device having multiple heating coils
provided below a top panel.

REFERENCE MARKS IN THE DRAWINGS

[0302]

1: housing
2: top panel
3, 31, 32, 33, 34, A1, A2, B1, B2: heating coil
4: driver
5: operation display unit
6: infrared sensor
7: thermistor
8: switching unit
8a, 8b, 25: relay
9: inverter
10: load detector
11: drive controller
12: commercial power source
13: input current detector
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14, 23: output current detector
15: diode bridge
16: choke coil
17: capacitor
18: filter circuit
19a, 19b: switching element
20: snubber capacitor
21a, 21b, 21c, 21d: resonant capacitor
22: input voltage detector
24: clamp capacitor
50: controller

Claims

1. An induction heating device comprising:

a top panel (2) on which a load is placeble;
a plurality of heating coils (3, 31, 32, 33, 34, A1,
A2, B1, B2) provided below the top panel (2);
a driver (4) configured to supply a high frequency
power to the plurality of heating coils (3, 31, 32,
33, 34, A1, A2, B1, B2);
an electric signal detector (10) configured to de-
tect an electric signal relating to an element in-
cluded in the driver (4); and
a controller (50) configured to receive the elec-
tric signal and control the driver (4), character-
ized in that
the controller (50) is configured to cause the driv-
er (4) to supply a first detection current which is
a high frequency power to the plurality of heating
coils (3, 31, 32, 33, 34, A1, A2, B1, B2), and
determine whether the load is placed above the
plurality of heating coils (3, 31, 32, 33, 34, A1,
A2, B1, B2) based on an electric signal in re-
sponse to the first detection current, and
when determining that the load is not placed
above the plurality of heating coils (3, 31, 32,
33, 34, A1, A2, B1, B2) based on the first detec-
tion current, the controller (50) is configured to
cause the driver (4) to supply a second detection
current which is a high frequency power and has
a larger current value than the current value of
the first detection current to the plurality of heat-
ing coils (3, 31, 32, 33, 34, A1, A2, B1, B2), and
determine whether the load is placed above the
plurality of heating coils (3, 31, 32, 33, 34, A1,
A2, B1, B2) based on an electric signal in re-
sponse to the second detection current.

2. The induction heating device according to claim 1,
further comprising
a switching unit (8) configured to connect or discon-
nect each of the plurality of heating coils (3, 31, 32,
33, 34, A1, A2, B1, B2) to or from the driver (4) under
control of the controller (50),
wherein, when the first detection current or the sec-

ond detection current is supplied, the controller (50)
causes the switching unit (8) to connect all of the
plurality of heating coils (3, 31, 32, 33, 34, A1, A2,
B1, B2) to the driver (4),
when determining that the load is placed above the
plurality of heating coils (3, 31, 32, 33, 34, A1, A2,
B1, B2) based on the electric signal in response to
the first detection current or the second detection
current, the controller (50) controls the driver (4) and
the switching unit (8) such that a third detection cur-
rent which is a high frequency power is sequentially
and independently supplied to each of the plurality
of heating coils (3, 31, 32, 33, 34, A1, A2, B1, B2), and
the controller (50) determines whether the load is
placed above each of the plurality of heating coils
(3, 31, 32, 33, 34, A1, A2, B1, B2) based on an elec-
tric signal in response to the third detection current.

3. The induction heating device according to claim 1,
wherein the top panel (2) has at least one heating
zone,
the at least one heating zone has a plurality of sec-
tions, and
the plurality of heating coils (3, 31, 32, 33, 34, A1,
A2, B1, B2) and the driver (4) are provided for one
of the plurality of sections.

4. A load detection method in an induction heating de-
vice, the load detection method characterised by
the following steps;
supplying a first detection current which is a high
frequency power to a plurality of heating coils pro-
vided below a top panel;
determining whether a load is placed above the plu-
rality of heating coils based on an electric signal in
response to the first detection current;
supplying a second detection current to the plurality
of heating coils, when the determination is made that
the load is not placed above the plurality of heating
coils based on the first detection current, the second
detection current being a high frequency power and
having a larger current value than the current value
of the first detection current; and
determining whether the load is placed above the
plurality of heating coils based on an electric signal
in response to the second detection current.

5. The load detection method according to claim 4, fur-
ther comprising:

connecting all of the plurality of heating coils to
a driver, when the first detection current or the
second detection current is supplied;
sequentially and independently supplying a third
detection current which is a high frequency pow-
er to each of the plurality of heating coils when
it is determined that the load is placed above the
plurality of heating coils based on the electric
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signal in response to the first detection current
or the second detection current; and
determining whether the load is placed above
each of the plurality of heating coils based on
an electric signal in response to the third detec-
tion current.

Patentansprüche

1. Induktionsheizvorrichtung, die Folgendes umfasst:

eine obere Platte (2), auf der eine Last angeord-
net werden kann;
mehrere Heizspulen (3, 31, 32, 33, 34, A1, A2,
B1, B2), die unter der oberen Platte (2) vorge-
sehen sind;
einen Treiber (4), der konfiguriert ist, den meh-
reren Heizspulen (3, 31, 32, 33, 34, A1, A2, B1,
B2) Hochfrequenzleistung zuzuführen;
einen Detektor (10) für elektrische Signale, der
konfiguriert ist, ein elektrisches Signal zu detek-
tieren, das sich auf ein Element bezieht, das in
dem Treiber (4) enthalten ist; und
eine Steuereinheit (50), die konfiguriert ist, das
elektrische Signal zu erhalten und den Treiber
(4) zu steuern, dadurch gekennzeichnet, dass
die Steuereinheit (50) konfiguriert ist, zu bewir-
ken, dass der Treiber (4) den mehreren Heiz-
spulen (3, 31, 32, 33, 34, A1, A2, B1, B2) einen
ersten Detektionsstrom, der eine Hochfre-
quenzleistung ist, zuführt, und auf der Basis ei-
nes elektrischen Signals in Reaktion auf den
ersten Detektionsstrom festzustellen, ob die
Last über den mehreren Heizspulen (3, 31, 32,
33, 34, A1, A2, B1, B2) angeordnet ist, und
dann, wenn auf der Basis des ersten Detekti-
onsstroms festgestellt wird, dass die Last nicht
über den mehreren Heizspulen (3, 31, 32, 33,
34, A1, A2, B1, B2) angeordnet ist, die Steuer-
einheit (50) konfiguriert ist, zu bewirken, dass
der Treiber (4) den mehreren Heizspulen (3, 31,
32, 33, 34, A1, A2, B1, B2) einen zweiten De-
tektionsstrom zuführt, der eine Hochfrequenz-
leistung ist und einen höheren Stromwert als der
Stromwert des ersten Detektionsstroms auf-
weist, und auf der Basis eines elektrischen Si-
gnals in Reaktion auf den zweiten Detektions-
strom festzustellen, ob die Last über den meh-
reren Heizspulen (3, 31, 32, 33, 34, A1, A2, B1,
B2) angeordnet ist.

2. Induktionsheizvorrichtung nach Anspruch 1, die fer-
ner Folgendes umfasst:

eine Umschalteinheit (8), die konfiguriert ist, je-
de der mehreren Heizspulen (3, 31, 32, 33, 34,
A1, A2, B1, B2) unter der Steuerung der Steu-

ereinheit (50) mit dem Treiber (4) zu verbinden
oder von diesem zu trennen,
wobei dann, wenn der erste Detektionsstrom
oder der zweite Detektionsstrom zugeführt wird,
die Steuereinheit (50) bewirkt, dass die Um-
schalteinheit (8) alle der mehreren Heizspulen
(3, 31, 32, 33, 34, A1, A2, B1, B2) mit dem Trei-
ber (4) verbindet,
wobei dann, wenn auf der Basis des elektri-
schen Signals in Reaktion auf den ersten De-
tektionsstrom oder den zweiten Detektions-
strom festgestellt wird, dass die Last über den
mehreren Heizspulen (3, 31, 32, 33, 34, A1, A2,
B1, B2) angeordnet ist, die Steuereinheit (50)
den Treiber (4) und die Umschalteinheit (8) so
steuert, dass ein dritter Detektionsstrom, der ei-
ne Hochfrequenzleistung ist, jeder der mehre-
ren Heizspulen (3, 31, 32, 33, 34, A1, A2, B1,
B2) nacheinander und unabhängig zugeführt
wird, und
die Steuereinheit (50) auf der Basis eines elek-
trischen Signals in Reaktion auf den dritten De-
tektionsstrom feststellt, ob die Last über jeder
der mehreren Heizspulen (3, 31, 32, 33, 34, A1,
A2, B1, B2) angeordnet ist.

3. Induktionsheizvorrichtung nach Anspruch 1,
wobei die obere Platte (2) wenigstens eine Heizzone
aufweist,
wenigstens eine Heizzone mehrere Abschnitte auf-
weist und
die mehreren Heizspulen (3, 31, 32, 33, 34, A1, A2,
B1, B2) und der Treiber (4) für einen der mehreren
Abschnitte vorgesehen sind.

4. Lastdetektionsverfahren in einer Induktionsheizvor-
richtung, wobei das Lastdetektionsverfahren durch
die folgenden Schritte gekennzeichnet ist:

Zuführen eines ersten Detektionsstroms, der ei-
ne Hochfrequenzleistung ist, zu mehreren Heiz-
spulen, die unter einer oberen Platte vorgese-
hen sind;
Feststellen auf der Basis eines elektrischen Si-
gnals in Reaktion auf den ersten Detektions-
strom, ob eine Last über den mehreren Heiz-
spulen angeordnet ist;
Zuführen eines zweiten Detektionsstroms zu
den mehreren Heizspulen, wenn auf der Basis
des ersten Detektionsstroms festgestellt wurde,
dass die Last nicht über den mehreren Heizspu-
len angeordnet ist, wobei der zweite Detektions-
strom Hochfrequenzleistung ist und einen hö-
heren Stromwert als der Stromwert des ersten
Detektionsstroms aufweist; und
Feststellen auf der Basis eines elektrischen Si-
gnals in Reaktion auf den zweiten Detektions-
strom, ob die Last über den mehreren Heizspu-

35 36 



EP 3 509 396 B1

20

5

10

15

20

25

30

35

40

45

50

55

len angeordnet ist.

5. Lastdetektionsverfahren nach Anspruch 4, das fer-
ner die folgenden Schritte umfasst:

Verbinden aller der mehreren Heizspulen mit ei-
nem Treiber, wenn der erste Detektionsstrom
oder der zweite Detektionsstrom zugeführt wird;
Zuführen eines dritten Detektionsstroms, der ei-
ne Hochfrequenzleistung ist, nacheinander und
unabhängig zu jeder der mehreren Heizspulen,
wenn auf der Basis des elektrischen Signals in
Reaktion auf den ersten Detektionsstrom oder
den zweiten Detektionsstrom festgestellt wird,
dass die Last über den mehreren Heizspulen
angeordnet ist; und
Feststellen auf der Basis eines elektrischen Si-
gnals in Reaktion auf den dritten Detektions-
strom, ob die Last über jeder der mehreren Heiz-
spulen angeordnet ist.

Revendications

1. Dispositif de chauffage par induction, comprenant :

un panneau supérieur (2) sur lequel une charge
peut être placée ;
une pluralité de bobines de chauffage (3, 31, 32,
33, 34, A1, A2, B1, B2) prévues en dessous du
panneau supérieur (2) ;
un circuit d’excitation (4) configuré pour fournir
une énergie électrique à haute fréquence à la
pluralité de bobines de chauffage (3, 31, 32, 33,
34, A1, A2, B1, B2) ;
un détecteur de signal électrique (10) configuré
pour détecter un signal électrique concernant
un élément inclus dans le circuit d’excitation (4) ;
et
une unité de commande (50) configurée pour
recevoir le signal électrique et commander le
circuit d’excitation (4), caractérisé en ce que
l’unité de commande (50) est configurée pour
faire en sorte que le circuit d’excitation (4) four-
nisse un premier courant de détection, qui est
une énergie électrique à haute fréquence, à la
pluralité de bobines de chauffage (3, 31, 32, 33,
34, A1, A2, B1, B2), et déterminer le fait que la
charge est, ou n’est pas, placée au-dessus de
la pluralité de bobines de chauffage (3, 31, 32,
33, 34, A1, A2, B1, B2) sur la base d’un signal
électrique en réponse au premier courant de dé-
tection, et
lors de la détermination que la charge n’est pas
placée au-dessus de la pluralité de bobines de
chauffage (3, 31, 32, 33, 34, A1, A2, B1, B2) sur
la base du premier courant de détection, l’unité
de commande (50) est configurée pour faire en

sorte que le circuit d’excitation (4) fournisse un
deuxième courant de détection, qui est une
énergie électrique à haute fréquence et a une
valeur de courant supérieure à celle de la valeur
de courant du premier courant de détection, à
la pluralité de bobines de chauffage (3, 31, 32,
33, 34, A1, A2, B1, B2), et déterminer le fait que
la charge est, ou n’est pas, placée au-dessus
de la pluralité de bobines de chauffage (3, 31,
32, 33, 34, A1, A2, B1, B2) sur la base d’un signal
électrique en réponse au deuxième courant de
détection.

2. Dispositif de chauffage par induction selon la reven-
dication 1, comprenant en outre une unité de com-
mutation (8) configurée pour connecter ou décon-
necter chacune de la pluralité de bobines de chauf-
fage (3, 31, 32, 33, 34, A1, A2, B1, B2) au circuit
d’excitation (4), ou de ce dernier, selon la commande
de l’unité de commande (50),
dans lequel, lorsque le premier courant de détection
ou le deuxième courant de détection est fourni, l’uni-
té de commande (50) fait en sorte que l’unité de com-
mutation (8) connecte la totalité de la pluralité de
bobines de chauffage (3, 31, 32, 33, 34, A1, A2, B1,
B2) au circuit d’excitation (4),
lors de la détermination que la charge est placée au-
dessus de la pluralité de bobines de chauffage (3,
31, 32, 33, 34, A1, A2, B1, B2) sur la base du signal
électrique en réponse au premier courant de détec-
tion ou au deuxième courant de détection, l’unité de
commande (50) commande le circuit d’excitation (4)
et l’unité de commutation (8) de telle sorte qu’un troi-
sième courant de détection, qui est une énergie élec-
trique à haute fréquence, soit séquentiellement et
indépendamment fourni à chacune de la pluralité de
bobines de chauffage (3, 31, 32, 33, 34, A1, A2, B1,
B2), et
l’unité de commande (50) détermine le fait que la
charge est, ou n’est pas, placée au-dessus de cha-
cune de la pluralité de bobines de chauffage (3, 31,
32, 33, 34, A1, A2, B1, B2) sur la base d’un signal
électrique en réponse au troisième courant de dé-
tection.

3. Dispositif de chauffage par induction selon la reven-
dication 1,
dans lequel le panneau supérieur (2) a au moins une
zone de chauffage,
l’au moins une zone de chauffage a une pluralité de
sections, et
la pluralité de bobines de chauffage (3, 31, 32, 33,
34, A1, A2, B1, B2) et le circuit d’excitation (4) sont
prévus pour une de la pluralité de sections.

4. Procédé de détection de charge dans un dispositif
de chauffage par induction, le procédé de détection
de charge étant caractérisé par les étapes
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suivantes :

la fourniture d’un premier courant de détection,
qui est une énergie électrique à haute fréquen-
ce, à une pluralité de bobines de chauffage pré-
vues en dessous d’un panneau supérieur ;
la détermination du fait qu’une charge est placée
au-dessus de la pluralité de bobines de chauf-
fage sur la base d’un signal électrique en répon-
se au premier courant de détection ;
la fourniture d’un deuxième courant de détection
à la pluralité de bobines de chauffage, lorsque
la détermination que la charge n’est pas placée
au-dessus de la pluralité de bobines de chauf-
fage sur la base du premier courant de détection
est réalisée, le deuxième courant de détection
étant une énergie électrique à haute fréquence
et ayant une valeur de courant supérieure à celle
de la valeur de courant du premier courant de
détection ; et
la détermination du fait que la charge est, ou
n’est pas, placée au-dessus de la pluralité de
bobines de chauffage sur la base d’un signal
électrique en réponse au deuxième courant de
détection.

5. Procédé de détection de charge selon la revendica-
tion 4, comprenant en outre :

la connexion de la totalité de la pluralité de bo-
bines de chauffage à un circuit d’excitation, lors-
que le premier courant de détection ou le deuxiè-
me courant de détection est fourni ;
la fourniture séquentielle et indépendante d’un
troisième courant de détection qui est une éner-
gie électrique à haute fréquence, à chacune de
la pluralité de bobines de chauffage lorsqu’il est
déterminé que la charge est placée au-dessus
de la pluralité de bobines de chauffage sur la
base du signal électrique en réponse au premier
courant de détection ou au deuxième courant
de détection ; et
la détermination du fait que la charge est, ou
n’est pas, placée au-dessus de chacune de la
pluralité de bobines de chauffage sur la base
d’un signal électrique en réponse au troisième
courant de détection.
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