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(54) INDUCTION HEATING COOKER

(57) An induction heating cooking apparatus accord-
ing to the present invention obtains an amount of tem-
poral change Δl of at least one of an input current to a
drive circuit 50 and a coil current flowing through a heat-
ing coil 11 a, in a state where a drive frequency of the
drive circuit 50 is fixed, measures a heating time t1 from
start of power supply to the heating coil 11 a until the
amount of temporal change Δl becomes equal to or less
than a set value, and controls high-frequency power sup-
plied to the heating coil 11 a depending on the heating
time t1 and an amount of current change l1 of at least
one of the input current and the coil current during the
heating time t1.
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Description

Technical Field

[0001] The present invention relates to an induction
heating cooking apparatus.

Background Art

[0002] An existing induction heating cooking appara-
tus determines the temperature of a heating target on
the basis of an input current or a control variable of an
inverter (see, e.g., Patent Literature 1 and 2). The induc-
tion heating cooking apparatus in Patent Literature 1 in-
cludes a control unit that controls the inverter so that an
input current of the inverter is constant. When a control
variable is changed by a predetermined amount or more
within a predetermined time, the induction heating cook-
ing apparatus determines a change in the temperature
of the heating target is large and reduces the output of
the inverter. In addition, it is disclosed that when the con-
trol variable is changed by the predetermined amount or
less within the predetermined time, the induction heating
cooking apparatus determines that water boiling is com-
pleted, and decreases a drive frequency to reduce the
output of the inverter.
[0003] Patent Literature 2 proposes an induction heat-
ing cooking apparatus that includes an input current
change amount detection unit that detects the amount of
change in input current and a temperature determination
processing unit that determines the temperature of a
heating target on the basis of the amount of change in
input current detected by the input current change
amount detection unit. It is disclosed that when the tem-
perature determination unit determines that the temper-
ature of the heating target reaches the boiling tempera-
ture, a stop signal is output to stop heating.

Citation List

Patent Literature

[0004]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2008-181892 (Para-
graph [0025], Fig. 1)
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 5-62773 (Paragraph
[0017], Fig. 1)

Summary of Invention

Technical Problem

[0005] However, when the induction heating cooking
apparatus is merely stopped when a predetermined tem-
perature is reached as in the induction heating cooking

apparatus in Patent Literature 1 or 2, there is a problem
in that temperature control suitable for the contents in
the heating target cannot be performed after the heating
target is heated. That is, when the contents in the heating
target are to be maintained at a predetermined temper-
ature (e.g., in a boiled state), an amount of heat to be
supplied is different depending on a heat load of the heat-
ing target at the initial stage of heating (the initial tem-
perature and the amount of the contents and other fac-
tors). For example, if a great amount of heat is supplied
when the initial temperature of the contents in the heating
target is high, electric power is wasted, but when the initial
temperature of the contents in the heating target is low,
the contents in the heating target cannot be maintained
at a predetermined temperature unless an amount of
heat that is appropriate to the low temperature is sup-
plied.
[0006] The present invention has been made to solve
the above-described problem, and an object of the
present invention is to provide an induction heating cook-
ing apparatus that is able to efficiently perform optimal
operation depending on a heat load of the contents in a
heating target.

Solution to Problem

[0007] An induction heating cooking apparatus accord-
ing to the present invention includes a heating coil con-
figured to inductively heat a heating target; a drive circuit
configured to supply high-frequency power to the heating
coil; and a control unit configured to control driving of the
drive circuit to control the high-frequency power supplied
to the heating coil. The control unit obtains an amount of
temporal change (Δl) of at least one of an input current
to the drive circuit and a coil current flowing through the
heating coil, in a state where a drive frequency of the
drive circuit is fixed; measures a first time (t1) from start
of power supply to the heating coil until the amount of
temporal change (Δl) becomes equal to or less than a
set value; and controls the high-frequency power sup-
plied to the heating coil depending on the first time (t1)
and an amount of current change (l1) of at least one of
the input current and the coil current during the first time
(t1).

Advantageous Effects of Invention

[0008] According to the present invention, it is possible
to efficiently perform optimal operation depending on the
heat load of the contents in the heating target. In addition,
it is possible to provide an energy-saving and easy-to-
use induction heating cooking apparatus that is able to
perform a temperature-retaining operation while reduc-
ing wasted power supply.

Brief Description of Drawings

[0009]

1 2 
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[Fig. 1] Fig. 1 is an exploded perspective view show-
ing an induction heating cooking apparatus accord-
ing to Embodiment 1.
[Fig. 2] Fig. 2 is a diagram showing an example of a
drive circuit of the induction heating cooking appa-
ratus according to Embodiment 1.
[Fig. 3] Fig. 3 is a functional block diagram showing
an example of a control unit of the induction heating
cooking apparatus according to Embodiment 1.
[Fig. 4] Fig. 4 is a load determination characteristic
diagram of a heating target based on a relationship
between a heating coil current and an input current
in the induction heating cooking apparatus according
to Embodiment 1.
[Fig. 5] Fig. 5 is a correlation diagram of the input
current relative to a drive frequency at the time of
change in the temperature of the heating target in
the induction heating cooking apparatus according
to Embodiment 1.
[Fig. 6] Fig. 6 is an enlarged diagram of a portion
indicated by a dotted line in Fig. 5.
[Fig. 7] Fig. 7 is a diagram showing a relationship
between time and drive frequency, temperature, and
input current in a water boiling mode 1 of the induc-
tion heating cooking apparatus according to Embod-
iment 1.
[Fig. 8] Fig. 8 is a diagram showing a relationship
between time and drive frequency, temperature, and
input current in a water boiling mode 2 of the induc-
tion heating cooking apparatus according to Embod-
iment 1.
[Fig. 9] Fig. 9 is an enlarged diagram of the portion
indicated by the dotted line in Fig. 5.
[Fig. 10] Fig. 10 is a flowchart showing an example
of operation in the water boiling mode 2 of the induc-
tion heating cooking apparatus according to Embod-
iment 1.
[Fig. 11] Fig. 11 is a flowchart showing an example
of operation of initial water temperature detection in
Fig. 11.
[Fig. 12] Fig. 12 is a diagram showing a relationship
between a reference time and a reference amount
of current change, and a heat load at the initial stage
of heating.
[Fig. 13] Fig. 13 is a diagram showing a relationship
between time and drive frequency, temperature, and
input current in a water boiling mode 3 of the induc-
tion heating cooking apparatus according to Embod-
iment 1.
[Fig. 14] Fig. 14 is a diagram showing another drive
circuit of the induction heating cooking apparatus ac-
cording to Embodiment 1.
[Fig. 15] Fig. 15 is a diagram showing a part of a
drive circuit of an induction heating cooking appara-
tus according to Embodiment 2.
[Fig. 16] Fig. 16 is a diagram showing an example
of driving signals of a half-bridge circuit according to
Embodiment 2.

[Fig. 17] Fig. 17 is a diagram showing a part of a
drive circuit of an induction heating cooking appara-
tus according to Embodiment 3.
[Fig. 18] Fig. 18 is a diagram showing an example
of driving signals of a full-bridge circuit according to
Embodiment 3.

Description of Embodiments

Embodiment 1

(Configuration)

[0010] Fig. 1 is an exploded perspective view showing
an induction heating cooking apparatus according to Em-
bodiment 1.
[0011] As shown in Fig. 1, an induction heating cooking
apparatus 100 includes, at an upper portion thereof, a
top plate 4 on which a heating target 5 such as a pot is
placed. The top plate 4 has a first heating port 1, a second
heating port 2, and a third heating port 3 as heating ports
for inductively heating the heating target 5. A first heating
unit 11, a second heating unit 12, and a third heating unit
13 are each arranged for a corresponding one of the heat-
ing ports, and are able to each inductively heat a heating
target 5 placed on corresponding one of heating ports.
[0012] In Embodiment 1, the first heating unit 11 and
the second heating unit 12 are provided to be laterally
aligned at the front side of a main body, and the third
heating unit 13 is provided at substantially the center at
the back side of the main body.
[0013] The arrangement of each heating port is not lim-
ited thereto. For example, the three heating ports may
be arranged laterally in a substantially straight line. Al-
ternatively, the first heating unit 11 and the second heat-
ing unit 12 may be arranged so that the position of the
center of the first heating unit 11 and the position of the
center of the second heating unit 12 are different from
each other in the depth direction.
[0014] The top plate 4 is entirely formed from a material
that transmits infrared rays, such as heat-resistant rein-
forced glass, crystallized glass, and other glass, and is
fixed in a water tight state with a rubber packing or a
sealing material interposed between the top plate 4 and
the periphery of an opening of the upper surface of the
main body of the induction heating cooking apparatus
100. On the top plate 4, circular pot position indicators
indicating general placement positions of pots are formed
by applying paints, printing, or other methods to corre-
spond to heating ranges (heating ports) of the first heating
unit 11, the second heating unit 12, and the third heating
unit 13.
[0015] At the front side of the top plate 4, an operation
unit 40a, an operation unit 40b, and an operation unit 40c
(hereinafter, may be collectively referred to as operation
unit 40) are provided as input devices that set heating
power and cooking menus (water boiling mode, frying
mode, or other modes) in heating the heating target 5 by
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the first heating unit 11, the second heating unit 12, and
the third heating unit 13. Moreover, in the vicinity of the
operation unit 40, a display unit 41 a, a display unit 41 b,
and a display unit 41 c that display an operating state of
the induction heating cooking apparatus 100, input and
operation contents from the operation unit 40, and other
information are provided as a notification unit 42. The
present invention is not particularly limited to the case
where the operation units 40a to 40c and the display units
41 a to 41 c are provided for the respective heating ports,
the case where the operation unit 40 and the display unit
41 are provided collectively for the heating ports or other
cases.
[0016] Below the top plate 4 and in the main body, the
first heating unit 11, the second heating unit 12, and the
third heating unit 13 are provided, and each heating unit
includes a heating coil (not shown).
[0017] In the main body of the induction heating cook-
ing apparatus 100, drive circuits 50 that supply high-fre-
quency power to the respective heating coils of the first
heating unit 11, the second heating unit 12, and the third
heating unit 13, and a control unit 45 that controls oper-
ation of the entire induction heating cooking apparatus
including the drive circuits 50 are provided.
[0018] Each heating coil has a substantially circular
planar shape, and is configured by winding a conductive
wire made of an optional insulation-coated metal (for ex-
ample, copper, aluminum, or other metals) in a circum-
ferential direction, and an induction heating operation is
performed when the high-frequency power is supplied
from the drive circuit 50 to each heating coil.
[0019] Fig. 2 is a diagram showing the drive circuit of
the induction heating cooking apparatus according to
Embodiment 1. The drive circuits 50 are provided for the
respective heating units, and the circuit configurations
thereof may be the same, or may be changed for the
respective heating units. Fig. 2 shows only one drive cir-
cuit 50. As shown in Fig. 2, the drive circuit 50 includes
a DC power supply circuit 22, an inverter circuit 23, and
a resonant capacitor 24a.
[0020] An input current detection unit 25a detects an
electric current input from an AC power supply (commer-
cial power supply) 21 to the DC power supply circuit 22,
and outputs a voltage signal corresponding to the input
current value, to the control unit 45.
[0021] The DC power supply circuit 22 includes a diode
bridge 22a, a reactor 22b, and a smoothing capacitor
22c, converts an AC voltage input from the AC power
supply 21 to a DC voltage, and outputs the DC voltage
to the inverter circuit 23.
[0022] The inverter circuit 23 is a half-bridge type in-
verter in which IGBTs 23a and 23b as switching elements
are connected in series to the output of the DC power
supply circuit 22, and diodes 23c and 23d as flywheel
diodes are connected in parallel to the IGBTs 23a and
23b, respectively. The inverter circuit 23 converts the DC
power output from the DC power supply circuit 22 to high-
frequency AC power of about 20 kHz to 50 kHz and sup-

plies the high-frequency AC power to a resonant circuit
including a heating coil 11a and the resonant capacitor
24a. The resonant capacitor 24a is connected in series
to the heating coil 11 a, and the resonant circuit has a
resonant frequency corresponding to the inductance of
the heating coil 11 a, the capacitance of the resonant
capacitor 24a, and the like. The inductance of the heating
coil 11 a changes depending on the characteristics of the
heating target 5 (metal load) when the metal load is mag-
netically coupled, and the resonant frequency of the res-
onant circuit changes depending on the change in induct-
ance.
[0023] Due to such a configuration, a high-frequency
current of about several tens of amperes flows through
the heating coil 11 a, and the heating coil 11 a inductively
heats the heating target 5 placed on the top plate 4 di-
rectly above the heating coil 11 a, by a high-frequency
magnetic flux generated by the high-frequency current
flowing therethrough. The IGBTs 23a and 23b, which are
switching elements, are formed of, for example, silicon-
based semiconductors, but may be formed of wide band-
gap semiconductors made of silicon carbide, a gallium
nitride-based material, or other materials.
[0024] Use of the wide bandgap semiconductors for
the switching elements allows for reduction of energiza-
tion loss in the switching elements. Moreover, even when
a switching frequency (drive frequency) is set to a high
frequency (high speed), the drive circuit radiates heat
satisfactorily, thus it is possible to make a radiator fin for
the drive circuit small, so that it is possible to achieve
reduction in size and cost of the drive circuit.
[0025] The coil current detection unit 25b is connected
between the heating coil 11 a and the resonant capacitor
24a. For example, the coil current detection unit 25b de-
tects an electric current flowing through the heating coil
11 a, and outputs a voltage signal corresponding to the
heating coil current value, to the control unit 45.
[0026] The temperature detection unit 30 is composed
of, for example, a thermistor, and detects a temperature
on the basis of heat transferred from the heating target
5 to the top plate 4. The temperature detection unit 30 is
not limited to the thermistor, and any sensor such as an
infrared sensor may be used.
[0027] Fig. 3 is a functional block diagram showing an
example of the control unit of the induction heating cook-
ing apparatus according to Embodiment 1. The control
unit 45 will be described with reference to Fig. 3.
[0028] The control unit 45 is composed of a microcom-
puter, a digital signal processor (DSP), or another device
that controls operation of the induction heating cooking
apparatus 100, and includes a drive control unit 31, a
load determination unit 32, a drive frequency setting unit
33, a current change detection unit 34, a period meas-
urement unit 35, and an input/output control unit 36.
[0029] The drive control unit 31 outputs driving signals
DS to the IGBTs 23a and 23b of the inverter circuit 23 to
cause the IGBTs 23a and 23b to perform switching op-
eration, thereby driving the inverter circuit 23. Then, the

5 6 



EP 3 018 976 A1

5

5

10

15

20

25

30

35

40

45

50

55

drive control unit 31 controls the high-frequency power
that is to be supplied to the heating coil 11 a, thereby
controlling heating of the heating target 5. Each of the
drive signals DS is, for example, a signal having a pre-
determined drive frequency of about 20 to 50 kHz with a
predetermined on-duty ratio (for example, 0.5).
[0030] The load determination unit 32 performs a load
determination process on the heating target 5, and de-
termines the material of the heating target 5 as a load.
The load determination unit 32 determines the material
of the heating target 5 (pot), which is a load, by broadly
dividing the material into, for example, a magnetic mate-
rial such as iron and SUS430, a high-resistance non-
magnetic material such as SUS304, and a low-resistance
non-magnetic material such as aluminum and copper.
[0031] The drive frequency setting unit 33 sets a drive
frequency f of the driving signals DS that are to be output
to the inverter circuit 23 when supplying power from the
inverter circuit 23 to the heating coil 11 a. In particular,
the drive frequency setting unit 33 has a function of au-
tomatically setting the drive frequency f depending on a
determination result of the load determination unit 32.
Specifically, the drive frequency setting unit 33 has
stored, for example, a table for determining the drive fre-
quency f depending on the material of the heating target
5 and the set heating power. When a result of the load
determination and the set heating power are input to the
drive frequency setting unit 33, the drive frequency set-
ting unit 33 refers to the table to determine a value fd of
the drive frequency f. The drive frequency setting unit 33
sets a frequency that is higher than the resonant frequen-
cy of the resonant circuit, so that the input current does
not become excessively high.
[0032] In this manner, the drive frequency setting unit
33 drives the inverter circuit 23 at the drive frequency f
corresponding to the material of the heating target 5
based on the result of the load determination, thereby
reducing an increase in the input current. Thus, it is pos-
sible to reduce an increase in the temperature of the in-
verter circuit 23 to enhance the reliability.
[0033] The current change detection unit 34 detects,
when the inverter circuit 23 is driven at the drive frequen-
cy f = fd set in the drive frequency setting unit 33, an
amount of temporal change Δl of the input current per
predetermined time period. The predetermined time pe-
riod may be a preset period or may be a period change-
able through operation of the operation unit 40.
[0034] The period measurement unit 35 measures a
heating time t1 from start of power supply to the heating
coil 11 a until the amount of temporal change Δl in the
current change detection unit 34 becomes equal to or
less than a set value. In addition, the period measurement
unit 35 measures an amount of current change l1 of the
input current during the heating time t1.
[0035] The heating time t1 corresponds to a "first time"
in the present invention.
[0036] The drive control unit 31 decreases the electric
power that is to be supplied to the heating coil 11 a, de-

pending on the heating time t1 and the amount of current
change l1 measured by the period measurement unit 35.
The drive control unit 31 releases fixation of the drive
frequency f = fd, increases the drive frequency f by an
increment amount Δf (f = fd + Δf), and drives the inverter
circuit 23. In particular, the drive control unit 31 sets the
increment amount Δf so that the increment amount Δf is
larger as the heating time t1 is shorter and the amount
of current change l1 is smaller.

(Operation)

[0037] Next, an example of operation of the induction
heating cooking apparatus 100 according to Embodi-
ment 1 will be described.
[0038] First, an operation in the case where the heating
target 5 placed on the heating port of the top plate 4 is
inductively heated with heating power that is set with the
operation unit 40, will be described.
[0039] When a user places the heating target 5 on the
heating port and makes an instruction to start heating
(turn on heating power) on the operation unit 40, the load
determination unit 32 of the control unit 45 performs the
load determination process.
[0040] Fig. 4 is a graph showing a state where the input
current with respect to the drive frequency in the drive
circuit in Fig. 3 changes due to change of the temperature
of the heating target.
[0041] Here, the material of the heating target 5 (pot),
which is a load, is broadly divided into a magnetic material
such as iron and SUS430, a high-resistance non-mag-
netic material such as SUS304, and a low-resistance
non-magnetic material such as aluminum and copper.
[0042] As shown in Fig. 4, a relationship between the
coil current and the input current is different depending
on the material of the pot load placed on the top plate 4.
The control unit 45 has previously stored therein a load
determination table that represents the relationship be-
tween the coil current and the input current shown in Fig.
4, in a table form. Since the load determination table is
stored in the load determination unit 32, it is possible to
configure the load determination unit 32 with an inexpen-
sive configuration.
[0043] In the load determination process, the control
unit 45 drives the inverter circuit 23 with specific driving
signals for load determination, and detects the input cur-
rent on the basis of an output signal from the input current
detection unit 25a. At the same time, the control unit 45
detects the coil current on the basis of an output signal
from the coil current detection unit 25b. The control unit
45 determines the material of the placed heating target
(pot) 5 on the basis of the detected coil current, input
current and the load determination table, which repre-
sents the relationship in Fig. 4. In this manner, the control
unit 45 (load determination unit 32) determines the ma-
terial of the heating target 5 placed above the heating
coil 11 a, on the basis of the correlation between the input
current and the coil current.
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[0044] After the load determination process described
above is performed, the control unit 45 performs a control
operation based on the load determination result.
[0045] If the load determination result is a low-resist-
ance non-magnetic material, heating is impossible with
the induction heating cooking apparatus 100 of Embod-
iment 1, and thus the notification unit 42 is notified that
heating is impossible, thereby promoting the user to
change the pot. In this case, the high-frequency power
is not supplied from the drive circuit 50 to the heating coil
11 a.
[0046] Also if the load determination result is no load,
the notification unit 42 is notified that heating is impossi-
ble, thereby promoting the user to place a pot. In this
case as well, similarly, the high-frequency power is not
supplied to the heating coil 11 a.
[0047] If the load determination result is a magnetic
material or a high-resistance non-magnetic material, the
materials of these pots are materials that can be heated
with the induction heating cooking apparatus 100 of Em-
bodiment 1, and thus the control unit 45 determines a
drive frequency corresponding to the determined pot ma-
terial. The drive frequency is set to a frequency that is
higher than the resonant frequency, so that the input cur-
rent does not become excessively high. It is possible to
determine the drive frequency by referring to, for exam-
ple, a table of the frequency corresponding to the material
of the heating target 5 and the set heating power. The
control unit 45 fixes the determined drive frequency and
drives the inverter circuit 23 to start an induction heating
operation.
[0048] Fig. 5 is a graph showing a state where the input
current with respect to the drive frequency in the drive
circuit in Fig. 3 changes due to change of the temperature
of the heating target. In Fig. 5, a thin line indicates char-
acteristics when the temperature of the heating target 5
(pot) is low, and a thick line indicates characteristics when
the temperature of the heating target 5 is high.
[0049] The reason why the characteristics change in
response to the temperature of the heating target 5 as
shown in Fig. 5 is that due to the temperature rise, the
electric resistivity of the heating target 5 increases and
the magnetic permeability thereof decreases, whereby
changing magnetic coupling between the heating coil 11
a and the heating target 5.
[0050] The control unit 45 of the induction heating
cooking apparatus 100 according to Embodiment 1 de-
termines a frequency higher than the frequency at which
the input current shown in Fig. 5 is at its maximum, as a
drive frequency, fixes the drive frequency, and controls
the inverter circuit 23.
[0051] Fig. 6 is an enlarged graph of a portion indicated
by a dotted line in the graph in Fig. 5.
[0052] When the drive frequency that is determined in
the above-described load determination process and
corresponds to the pot material is fixed and the inverter
circuit 23 is controlled, as the temperature of the heating
target 5 changes from a low temperature to a high tem-

perature, an input current value (operating point) at this
drive frequency changes from point A to point B; and the
input current gradually decreases as the temperature of
the heating target 5 rises.
[0053] At this time, the control unit 45 obtains an
amount of change per time period (amount of temporal
change Δl) of the input current in a state where the drive
frequency of the inverter circuit 23 is fixed, and detects
a change in the temperature of the heating target 5 on
the basis of the amount of temporal change Δl.
[0054] Thus, it is possible to detect a change in the
temperature of the heating target 5 regardless of the ma-
terial of the heating target 5. In addition, since it is possible
to detect a change in the temperature of the heating target
5 on the basis of the change in the input current, it is
possible to detect a change in the temperature of the
heating target 5 at a high speed as compared to a tem-
perature sensor or another related device.
[0055] The material of the heating target 5 placed
above the heating coil 11 a is determined, the drive fre-
quency of the inverter circuit 23 is determined depending
on the material of the heating target 5, and the inverter
circuit 23 is driven at the drive frequency. Thus, it is pos-
sible to fix and drive the inverter circuit 23 at the drive
frequency corresponding to the material of the heating
target 5, and it is possible to reduce an increase in the
input current. Therefore, it is possible to reduce an in-
crease in the temperature of the inverter circuit 23, so
that it is possible to improve the reliability.

(Water Boiling Mode 1)

[0056] Next, an operation performed when a water boil-
ing mode of performing an operation of boiling water that
is put in the heating target 5 is selected as a cooking
menu (operating mode) with the operation unit 40 will be
described.
[0057] The control unit 45 performs a load determina-
tion process similarly as in the above-described opera-
tion, determines a drive frequency corresponding to the
determined pot material, and drives the inverter circuit
23 with the determined drive frequency being fixed, to
perform an induction heating operation. Then, the control
unit 45 determines completion of boiling on the basis of
the amount of temporal change Δl of the input current.
Here, an elapsed time and a change in each character-
istic when water is boiled will be described with reference
to Fig. 7.
[0058] Fig. 7 is a graph showing time courses of tem-
perature and input current when the inverter circuit 23 is
driven at a predetermined drive frequency in Fig. 3.
[0059] In Fig. 7, an elapsed time and a change in each
characteristic when water is put into the heating target 5
and an operation is performed in a water boiling mode
are shown, Fig. 7 (a) shows drive frequency, Fig. 7 (b)
shows temperature (water temperature), and Fig. 7 (c)
shows input current.
[0060] When the drive frequency is fixed and the in-
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verter circuit 23 is controlled as shown in Fig. 7 (a), the
temperature (water temperature) of the heating target 5
gradually rises until the water is boiled, and the temper-
ature becomes constant at about 100 degrees C when
the water is boiled, as shown in Fig. 7 (b). At this time,
as shown in Fig. 7 (c), the input current gradually de-
creases in response to the rise of the temperature of the
heating target 5, and when the water is boiled so that the
temperature becomes constant, the input current also
becomes constant. That is, if the input current becomes
constant, the water is boiled and the water boiling is com-
pleted.
[0061] Due to this, the control unit 45 in Embodiment
1 obtains an amount of change per time period (amount
of temporal change Δl) of the input current in a state where
the drive frequency of the inverter circuit 23 is fixed, and
if the amount of temporal change Δl becomes equal to
or less than a set value, it is determined that the water
boiling is completed.
[0062] Information on the set value may be previously
set in the control unit 45, or may be inputtable through
the operation unit 40 or another related device.
[0063] Then, the control unit 45 sends a notification
that the water boiling is completed, by using the notifica-
tion unit 42. Here, a method of the notification unit 42 is
not particularly limited, and, for example, completion of
boiling is displayed on the display unit 41, or a speaker
(not shown) is used to notify a user with a sound.
[0064] As described above, in a water boiling mode in
which an operation of boiling water is set, in a state where
the drive frequency of the inverter circuit 23 is fixed, the
amount of temporal change Δl of the input current is ob-
tained, and when the amount of temporal change Δl be-
comes equal to or less than the set value, the notification
unit 42 is caused to send the notification that the water
boiling is completed.
[0065] Thus, it is possible to immediately notify that the
water boiling is completed, and it is possible to obtain an
easy-to-use induction heating cooking apparatus.
[0066] The control unit 45 does not need a high-accu-
racy microcomputer when obtaining an amount of tem-
poral change Δl of the input current, so that it is possible
to obtain an induction heating cooking apparatus capable
of detecting water boiling by a low-cost method.

(Water Boiling Mode 2)

[0067] Next, another control operation performed
when a water boiling mode is selected with the operation
unit 40 will be described.
[0068] The control unit 45 performs a load determina-
tion process similarly as in the above-described opera-
tion, determines a drive frequency corresponding to the
determined pot material, and drives the inverter circuit
23 with the determined drive frequency being fixed, to
perform an induction heating operation. Then, the control
unit 45 determines completion of boiling on the basis of
the amount of temporal change Δl of the input current.

[0069] Moreover, if the amount of temporal change Δl
obtained in the state where the drive frequency of the
inverter circuit 23 is fixed becomes equal to or less than
the set value, the control unit 45 releases the fixation of
the drive frequency. Then, the control unit 45 varies the
drive frequency of the inverter circuit 23 depending on
the heating time t1 until the amount of temporal change
Δl becomes equal to or less than the set value, and the
amount of current change l1 of the input current during
the heating time t1, to vary the high-frequency power
supplied to the heating coil 11 a. The details of such an
operation will be described with reference to Figs. 8 to 11.
[0070] Fig. 8 is a diagram showing a relationship be-
tween time and drive frequency, temperature, and input
current in the water boiling mode 2 of the induction heat-
ing cooking apparatus according to Embodiment 1.
[0071] Fig. 8 shows an elapsed time and a change in
each characteristic when water is put into the heating
target 5 and is boiled.
[0072] Figs. 8 (a) to 8 (c) show characteristics when
the initial temperature of the water put into the heating
target 5 is high, Fig. 8 (a) shows drive frequency, Fig. 8
(b) shows temperature (water temperature), and Fig. 8
(c) shows input current.
[0073] Figs. 8 (d) to 8 (f) show characteristics when
the initial temperature of the water put into the heating
target 5 is low, Fig. 8 (d) shows drive frequency, Fig. 8
(e) shows temperature (water temperature), and Fig. 8
(f) shows input current.
[0074] Fig. 9 is an enlarged diagram of the portion in-
dicated by the dotted line in Fig. 5.
[0075] Here, the initial temperature refers to the tem-
perature in a range from start of heating until a predeter-
mined period elapses, and is not limited to the tempera-
ture at the time of start of heating.
[0076] A description will be given on the assumption
that in Fig. 8, the amount of the water (contents) when
the initial temperature is high is substantially equal to that
when the initial temperature is low. That is, the heat load
of the contents in the heating target 5 at the initial stage
of heating is determined on the basis of the temperature
and amount of the contents, and the heat load depends
on the initial temperature if the amount of the contents is
the same.
[0077] Fig. 10 is a flowchart showing an example of
operation in the water boiling mode 2 of the induction
heating cooking apparatus according to Embodiment 1.
[0078] Fig. 11 is a flowchart showing an example of
operation of initial water temperature detection in Fig. 11.
[0079] Hereinafter, a description will be given on the
basis of the flowcharts in Figs. 10 and 11 with reference
to Figs. 8 and 9.
[0080] First, the user places the heating target 5 on the
heating port of the top plate 4 and makes an instruction
to start heating (turn on heating power) on the operation
unit 40. Accordingly, the load determination unit 32 de-
termines the material of the placed heating target (pot)
5 as a load by using the load determination table that
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shows the relationship between the input current and the
coil current (step ST1). If it is determined that a result of
the load determination is no load or a material that it is
impossible to heat, the result is notified from the notifica-
tion unit 42, and control is performed so that the high-
frequency power is not supplied from the drive circuit 50
to the heating coil 11 a.
[0081] Next, the drive frequency setting unit 33 deter-
mines a value fd of the drive frequency f corresponding
to the pot material determined on the basis of the load
determination result of the load determination unit 32
(step ST2). At this time, the drive frequency f is set to a
frequency fd that is higher than the resonant frequency
of the resonant circuit, so that the input current does not
become excessively high.
[0082] Thereafter, the drive control unit 31 fixes the
drive frequency f at fd and drives the inverter circuit 23,
thereby starting an induction heating operation (step
ST3). Along with the start of the induction heating oper-
ation by start of power supply, measurement of the heat-
ing time t1 and the amount of current change l1 by the
period measurement unit 35 is started.
[0083] After the drive frequency is fixed and heating is
started (Figs. 8 (a) and 8 (d)), the temperature (water
temperature) of the heating target 5 gradually rises until
the water is boiled (Figs. 8 (b) and 8 (e)). In the control
with fixation of the drive frequency, as shown in Fig. 9,
the input current value (operating point) at this drive fre-
quency changes from point A to point B, and the input
current gradually decreases with the rise of the temper-
ature of the heating target 5.
[0084] While the induction heating operation is per-
formed, the current change detection unit 34 calculates
the amount of temporal change Δl at a predetermined
sampling interval (step ST4).
[0085] Then, it is determined whether the amount of
temporal change Δl is equal to or less than a set value
(Iref) (step ST5). As the temperature of the heating target
5 changes from a low temperature to a high temperature,
the amount of temporal change Δl decreases (Figs. 8 (c)
and 8 (f)). When the water is boiled so that the temper-
ature thereof becomes constant, the input current also
becomes constant (Figs. 8 (c) and 8 (f)). Thus, at the
heating time t1, the control unit 45 determines that the
amount of temporal change Δl of the input current be-
comes equal to or less than the set value (Iref).
[0086] Then, when the amount of temporal change Δl
becomes equal to or less than the set value, the period
measurement unit 35 detects the heating time t1 (step
ST6). In addition, the period measurement unit 35 detects
the amount of current change l1 of the input current (step
ST7) from the start of heating to the heating time t1.
[0087] Thereafter, the drive control unit 31 performs a
process of initial water temperature detection, and deter-
mines the increment amount Δf of the drive frequency f
on the basis of the heating time t1 and the amount of
current change l1 (step ST8).
[0088] Since the driving is performed with the drive fre-

quency being fixed during the heating time t1, the heating
time t1 and the amount of current change l1 change de-
pending on the initial temperature of the water put into
the heating target 5. That is, if the initial temperature (TO)
of the water is high (Fig. 8 (b)), the heating time t1 be-
comes short, and the amount of current change l1 be-
comes small. On the other hand, if the initial temperature
of the water is low (Fig. 8 (e)), the heating time t1 becomes
long and the amount of current change l1 becomes large.
[0089] Thus, it is possible to determine the initial tem-
perature of the water (a heat load at the initial stage of
heating) on the basis of the heating time t1 and the
amount of current change l1.
[0090] The details of the process of initial water tem-
perature detection will be described with reference to Fig.
11.
[0091] The control unit 45 determines whether the
heating time t1 is shorter than a predetermined reference
time t_ref1 and the amount of current change l1 is smaller
than a predetermined reference amount of current
change l_ref1 (step ST81).
[0092] If the conditions in step ST81 are satisfied, the
control unit 45 determines that the initial temperature of
the water is high (high hot start) (step ST82). For exam-
ple, if the amount of the water is known, it is possible to
infer that the initial temperature (TO) of the water is equal
to or higher than T_ref1.
[0093] On the other hand, if the conditions in step ST81
are not satisfied, the control unit 45 determines whether
the heating time t1 is equal to or less than a predeter-
mined reference time t_ref2 and the amount of current
change l1 is equal to or less than a predetermined refer-
ence amount of current change l_ref2 (step ST83). Here,
the reference time t_ref2 is longer than the reference time
t_ref1. The reference amount of current change l_ref2 is
larger than the reference amount of current change
l_ref1.
[0094] If the conditions in step ST83 are satisfied, the
control unit 45 determines that the initial temperature of
the water is lower than the above high hot start (low hot
start) (step ST84). For example, if the amount of the water
is known, it is possible to infer that the initial temperature
(TO) of the water is equal to or higher than T_ref2 and
less than T_ref1.
[0095] On the other hand, if the conditions in step ST83
are not satisfied, the control unit 45 determines that the
initial temperature of the water is lower than the above
low hot start (normal heating) (step ST85). For example,
if the amount of the water is known, it is possible to infer
that the initial temperature (TO) of the water is less than
T_ref2.
[0096] Fig. 12 is a diagram showing a relationship be-
tween a reference time and a reference amount of current
change, and a heat load at the initial stage of heating.
[0097] As shown in Fig. 12, through the process of in-
itial water temperature determination in steps ST81 to
ST85, depending on the heating time t1 and the amount
of current change l1, the control unit 45 infers that the
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heat load of the contents in the heating target 5 is lower
(the temperature of the water is higher) as the heating
time t1 is shorter and the amount of current change l1 is
smaller.
[0098] Here, the case where the number of reference
times and the number of reference amounts of current
change each are two has been described, but three or
more reference times and three or more reference
amounts of current change may be set and determination
may be performed.
[0099] Here, since the heating time t1 and the amount
of current change l1 change depending on not only the
initial temperature but also the amount of the water, each
reference time and each reference amount of current
change need to be set depending on the amount of the
water in the process of initial water temperature determi-
nation in steps ST81 to ST85. Thus, for example, infor-
mation on each reference time and each reference
amount of current change corresponding to the amount
of water (the amount of contents) may be previously
stored in a table, and information on the amount of water
(the amount of contents) may be obtained, whereby de-
termining each reference time and each reference
amount of current change. Accordingly, it is possible to
more accurately detect the initial temperature (heat load)
of the water. The information on the amount of the water
may be inputtable through the operation unit 40 or an-
other related device, or the amount of the water may be
determined, for example, on the basis of the weight of
the heating target 5 with a gravity sensor or another re-
lated device. Regarding the amount of the water, it is not
necessary to obtain an exact value, and, for example,
the amount of the water may be represented in three
stages, small, middle, and large.
[0100] Next, the drive control unit 31 of the control unit
45 releases the fixation of the drive frequency and in-
creases the drive frequency of the inverter circuit 23,
thereby decreasing the input current to decrease the
high-frequency power (the heating power) supplied to
the heating coil 11 a. That is, at the time of retaining the
temperature of the heating target 5, heating power that
increases temperature is not necessary, and thus the
amount of heat from the heating coil 11 a to the heating
target 5 is decreased.
[0101] At this time, the drive control unit 31 of the con-
trol unit 45 controls the high-frequency power supplied
to the heating coil 11 a, depending on the inferred initial
temperature (heat load). At the drive control unit 31, the
drive frequency f of the inverter circuit 23 is changed from
fd to fd + Δf, and the decreased high-frequency power is
supplied from the inverter circuit 23 to the heating coil
11a (step ST86, Figs. 8 (a) and 8 (d)).
[0102] Here, the increment amount (Δf) of the drive fre-
quency will be described.
[0103] If the heating time t1 is short and the amount of
current change l1 is small, that is, in the case of high hot
start, as shown in Fig. 8 (a), the drive control unit 31
increases the drive frequency f to a large degree and

drives the inverter circuit 23 with driving signals DS hav-
ing a drive frequency f = fd + Δf1.
[0104] On the other hand, if the heating time t1 is long
and the amount of current change l1 is large, that is, in
the case of low hot start, as shown in Fig. 8 (d), the drive
control unit 31 increases the drive frequency f to a small
degree and drives the inverter circuit 23 with driving sig-
nals DS having a drive frequency f = fd + Δf2.
[0105] If the heating time t1 is further long and the
amount of current change l1 is further large, that is, in
the case of normal heating, the drive control unit 31 in-
creases the drive frequency f by an amount less than Δf2
and drives the inverter circuit 23.
[0106] The information on the increase amounts Δf1
and Δf2 of the drive frequency may be previously set in
the control unit 45, or may be inputtable through the op-
eration unit 40 or another related device.
[0107] As shown in Fig. 9, the increase amounts Δf1
and Δf2 are set so that, even when the drive frequency
f is increased to decrease the heating power, the water
temperature almost does not decrease and is maintained
at a constant temperature, and the operating point chang-
es from point B to point C1 (or point C2). Then, even
when the drive frequency f is increased to decrease the
heating power, the water temperature almost does not
decrease and a temperature-retaining state is main-
tained.
[0108] As described above, regarding the high-fre-
quency power (the heating power) applied after the heat-
ing time t1, if the heat load at the initial stage of heating
is low (the initial temperature is high), the heating power
is set to be small, and if the heat load at the initial stage
of heating is high (the initial temperature is low), the heat-
ing power is set to be high.
[0109] Thus, it is possible to obtain an energy-saving
and easy-to-use induction heating cooking apparatus
that is capable of performing a temperature-retaining op-
eration while reducing wasted power supply.
[0110] In particular, in the case of a water boiling (boil-
ing of water) mode, since the water temperature does
not become equal to or higher than 100 degrees C even
when the heating power is increased more than neces-
sity, even when the drive frequency f is increased to de-
crease the heating power, it is possible to maintain a
boiling state.
[0111] As described above, if the amount of temporal
change Δl of the input current becomes equal to or less
than the set value, driving of the inverter circuit 23 is
controlled to decrease the high-frequency power sup-
plied to the heating coil 11a, and thus it is possible to
reduce input power to save energy.
[0112] That is, in the case where the drive frequency
f is merely increased to a predetermined value when the
amount of temporal change Δl reaches a set value as in
the related art, there is a problem in that it is impossible
to maintain an optimum temperature-retaining state de-
pending on the heat load (temperature and amount) of
the contents. For example, if the initial temperature of
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the contents in the heating target 5 is low, the amount of
heat is not sufficient, the temperature gradually decreas-
es, and thus reheating is required. On the other hand, if
the initial temperature of the contents in the heating target
5 is high, excessive electric power is consumed.
[0113] In Embodiment 1, a focus is on the fact that if
the heat load (temperature and amount) of the contents
in the heating target 5 is different, even when the drive
frequency f is the same (the heating power is the same),
the heating time t1 and the amount of current change l1
are different; and the drive control unit 31 determines the
increment amount Δf depending on the heating time t1
and the amount of current change l1 and changes the
drive frequency f in retaining temperature. Thus, it is pos-
sible to supply necessary and sufficient electric power to
the heating coil 11 a depending on the heat load of the
heating target 5, and hence it is possible to efficiently
save energy.
[0114] Fig. 10 will be referred to again. After step ST8,
the drive control unit 31 notifies the user of completion
of the water boiling with the notification unit 42 after the
amount of temporal change Δl becomes equal to or less
than the set value and a predetermined additional time
Δt has elapsed (t2 = t1 + Δt) (step ST9).
[0115] If the heating time t1 is shorter than the refer-
ence time t_ref1 (time reference value) and the amount
of current change l1 is smaller than the reference amount
of current change l_ref1 (current reference value) (in the
case of high hot start), when the amount of temporal
change Δl becomes equal to or less than the set value,
the control unit 45 may notify completion of the water
boiling with the notification unit 42.

(Water Boiling Mode 3)

[0116] Next, another control operation performed
when a water boiling mode is selected with the operation
unit 40 will be described.
[0117] The control unit 45 performs a load determina-
tion process similarly as in the above-described opera-
tion, determines a drive frequency corresponding to the
determined pot material, and drives the inverter circuit
23 with the determined drive frequency being fixed, to
perform an induction heating operation. Then, the control
unit 45 determines completion of boiling on the basis of
the amount of temporal change Δl of the input current.
[0118] Moreover, after the amount of temporal change
Δl obtained in the state where the drive frequency of the
inverter circuit 23 is fixed becomes equal to or less than
the set value, the control unit 45 performs the same con-
trol continuously for a predetermined time period. After
the predetermined time period has elapsed, the control
unit 45 releases the fixation of the drive frequency and
varies the drive frequency of the inverter circuit 23 to vary
the high-frequency power supplied to the heating coil 11
a. The details of such an operation will be described with
reference to Figs. 9 to 13.
[0119] Fig. 13 is a diagram showing a relationship be-

tween time and drive frequency, temperature, and input
current in the water boiling mode 3 of the induction heat-
ing cooking apparatus according to Embodiment 1.
[0120] Fig. 13 shows an elapsed time and a change in
each characteristic when water is put into the heating
target 5 and is boiled.
[0121] Figs. 13 (a) to 13 (c) show characteristics when
the initial temperature of the water put into the heating
target 5 is high, Fig. 13 (a) shows drive frequency, Fig.
13(b) shows temperature (water temperature), and Fig.
13 (c) shows input current.
[0122] Figs. 13(d) to 13(f) show characteristics when
the initial temperature of the water put into the heating
target 5 is low, Fig. 13 (d) shows drive frequency, Fig. 13
(e) shows temperature (water temperature), and Fig. 13
(f) shows input current.
[0123] A description will be given on the assumption
that in Fig. 13, the amount of the water (contents) when
the initial temperature is high is substantially equal to that
when the initial temperature is low. That is, the heat load
of the contents in the heating target 5 at the initial stage
of heating is determined on the basis of the temperature
and amount of the contents, and the heat load depends
on the initial temperature if the amount of the contents is
the same.
[0124] Similarly as in the operation in the above-de-
scribed water boiling mode 1, after the drive frequency
is fixed and heating is started (Figs. 13 (a) and 13 (d)),
the temperature (water temperature) of the heating target
5 gradually rises until the water is boiled (Figs. 13 (b) and
13 (e)). In the control with fixation of the drive frequency,
as shown in Fig. 9, the input current value (operating
point) at this drive frequency changes from point A to
point B, and the input current gradually decreases with
the rise of the temperature of the heating target 5.
[0125] The reason why the input current gradually de-
creases with the rise of the temperature of the heating
target 5 as described above is that due to the temperature
rise, the electric resistivity and the magnetic permeability
of the heating target 5 change, whereby changing mag-
netic coupling between the heating coil 11 a and the heat-
ing target 5. That is, a state where the input current be-
comes constant means that the temperature of the heat-
ing target 5 (in particular, a portion close to the heating
coil 11 a) becomes constant.
[0126] At the heating time t1 at which the input current
becomes constant in Figs. 13(c) and 13(f), the tempera-
ture of the heating target 5 reaches about 100 degrees
C, but the water put into the heating target 5 has une-
venness of temperature, and may not be boiled as a
whole of the water.
[0127] In the water boiling mode 3, by driving the in-
verter circuit 23 with the drive frequency being fixed until
a heating time t2 obtained by adding the additional time
Δt to the heating time t1, it is possible to assuredly boil
the entire water in a short time. At the heating time t2,
the control unit 45 determines that the water boiling is
completed.
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[0128] The additional time Δt corresponds to a "second
time" in the present invention.
[0129] Here, the heating time t2 and the additional time
Δt will be described.
[0130] The additional time Δt is the difference between
the heating time t2 and the heating time t1 and is repre-
sented as Δt = t2 - t1. In the water boiling mode 3, the
control unit 45 measures the heating time t1 until the
input current becomes constant after heating is started,
and changes the additional time Δt depending on the
length of the heating time t1 and the magnitude of the
amount of current change l1 until the heating time t1.
[0131] At the initial stage of heating in the water boiling
mode 3, since driving is performed with the drive frequen-
cy being fixed, the heating time t1 and the amount of
current change l1 change depending on the heat load
(initial temperature and amount) of the water put into the
heating target 5. That is, when the initial temperature of
the water is high (Fig. 13 (b)), the heating time t1 becomes
short, and the amount of current change l1 becomes
small. In addition, when the initial temperature of the wa-
ter is low (Fig. 13 (e)), the heating time t1 becomes long,
and the amount of current change l1 becomes large.
When the heating time t1 is short and the amount of cur-
rent change l1 is large, as shown in Fig. 13 (c), the control
unit 45 sets the additional time Δt to be short. On the
other hand, when the heating time t1 is long and l1 is
large, as shown in Fig. 13 (f), the control unit 45 sets the
additional time Δt to be long.
[0132] When the initial temperature of the water is low,
as compared to the case where the initial temperature of
the water is high, unevenness of the temperature of the
water in the heating target 5 often becomes great, and a
longer time is required to assuredly boil the entire water.
[0133] Therefore, in the water boiling mode 3, the initial
temperature of the water in the heating target 5 is detect-
ed by measuring the heating time t1 and the amount of
current change l1, and the additional time Δt is set de-
pending on the initial temperature of the water. Thus, it
is possible to obtain an energy-saving and easy-to-use
induction heating cooking apparatus that is able to re-
duce wasted power supply required for boiling and is able
to assuredly boil the water in a short time.
[0134] Next, after the additional time Δt has elapsed
from the heating time t1, the control unit 45 releases the
fixation of the drive frequency and increases the drive
frequency of the inverter circuit 23 to decrease the input
current, thereby decreasing the high-frequency power
supplied to the heating coil 11 a (the heating power). The
control to increase the drive frequency is the same as in
the above water boiling mode 2. Even when the drive
frequency is increased to decrease the heating power,
the water temperature almost does not decrease, and
thus the operating point moves (changes) from point B
to point C1 (point C2) as shown in Fig. 9.
[0135] In addition, at the heating time t2, the control
unit 45 increases the drive frequency of the inverter circuit
23 and also notifies the user of completion of the water

boiling with the notification unit 42. The notification to the
user may be performed before or after the drive frequency
is increased.
[0136] In the above description, the method for con-
trolling the high-frequency power (heating power) by
changing the drive frequency has been described, but a
method for controlling the heating power by changing the
on-duty ratio (on-off ratio) of the switching elements of
the inverter circuit 23 may be used.
[0137] By utilizing the temperature information detect-
ed by the temperature detection unit 30, it is possible to
obtain an induction heating cooking apparatus having
higher reliability.

(Configuration Example of Another Drive Circuit)

[0138] Next, an example of using another drive circuit
will be described.
[0139] Fig. 14 is a diagram showing another drive cir-
cuit of the induction heating cooking apparatus according
to Embodiment 1.
[0140] The drive circuit 50 shown in Fig. 14 is obtained
by adding a resonant capacitor 24b to the configuration
shown in Fig. 2. The other configuration is the same as
in Fig. 2, and the same portions are designated by the
same reference signs.
[0141] As described above, since the heating coil 11
a and the resonant capacitors form the resonant circuit,
the capacitance of the resonant capacitors is determined
by the maximum heating power (maximum input power)
required for the induction heating cooking apparatus. In
the drive circuit 50 shown in Fig. 10, by connecting the
resonant capacitors 24a and 24b in parallel, it is possible
to cause the capacitance of each of the resonant capac-
itors 24a and 24b to be half, and it is possible to obtain
a low-cost control circuit even when the two resonant
capacitors are used.
[0142] By disposing the coil current detection unit 25b
between the resonant capacitor 24a and the resonant
capacitor 24b connected in parallel, the current flowing
through the coil current detection unit 25b becomes half
of the current flowing through the heating coil 11 a, and
thus it is possible to use the coil current detection unit
25b that is small in size and has a low capacitance, so
that it is possible to obtain a small-size and low cost con-
trol circuit and it is possible to obtain a low-cost induction
heating cooking apparatus.
[0143] In Embodiment 1, the example has been de-
scribed in which the amount of temporal change of the
input current detected by the input current detection unit
25a is detected. Instead of the input current, the amount
of temporal change Δl of the coil current detected by the
coil current detection unit 25b may be detected, or the
amounts of temporal change Δl of both the input current
and the coil current may detected.
[0144] In Embodiment 1, the half-bridge type inverter
circuit 23 has been described, but a configuration using
a full-bridge type or single-switch voltage resonant type
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inverter or another related inverter may be adopted.
[0145] The method in which the relationship between
the coil current and the primary current is used in the load
determination process at the load determination unit 32
has been described, but a method of performing the load
determination process by detecting a resonant voltage
at both ends of the resonant capacitor may be adopted,
and the method for load determination is not particularly
limited.
[0146] The case has been described in which the initial
temperature of the water put into the heating target is
determined according to the above embodiment, but, for
example, a threshold may be set for each determination
result of the load determination unit 32, and the initial
temperature of the water put into the heating target may
be inferred depending on the determination result of the
load determination unit 32.

Embodiment 2

[0147] In Embodiment 2, the drive circuit 50 according
to Embodiment 1 described above will be described in
detail.
[0148] Fig. 15 is a diagram showing a part of a drive
circuit of an induction heating cooking apparatus accord-
ing to Embodiment 2. Fig. 15 illustrates only the config-
uration of a part of the drive circuit 50 according to Em-
bodiment 1 described above.
[0149] As shown in Fig. 15, the inverter circuit 23 in-
cludes an arm including two switching elements (IGBTs
23a and 23b) connected in series with each other be-
tween positive and negative buses, and the diodes 23c
and 23d each connected in inverse parallel to corre-
sponding one of the switching elements.
[0150] The IGBT 23a and the IGBT 23b are driven to
be turned on and off with driving signals output from the
control unit 45.
[0151] The control unit 45 outputs the driving signals
for alternately turning on and off the IGBT 23a and the
IGBT 23b so that the IGBT 23b is deactivated while the
IGBT 23a is activated and the IGBT 23b is activated while
the IGBT 23a is deactivated.
[0152] In this manner, the IGBT 23a and the IGBT 23b
form a half-bridge inverter that drives the heating coil 11
a.
[0153] The IGBT 23a and the IGBT 23b form a "half-
bridge inverter circuit" according to the present invention.
[0154] The control unit 45 inputs the driving signals
having a high frequency to the IGBT 23a and the IGBT
23b depending on the applied electric power (heating
power) to adjust a heating output. The driving signals,
which are output to the IGBT 23a and the IGBT 23b, are
varied in a range of the drive frequency that is higher
than the resonant frequency of a load circuit that includes
the heating coil 11 a and the resonant capacitor 24a, to
control an electric current flowing through the load circuit
to flow in a lagging phase as compared to a voltage ap-
plied to the load circuit.

[0155] Next, the operation of controlling the applied
electric power (heating power) with the drive frequency
and the on-duty ratio of the inverter circuit 23 will be de-
scribed.
[0156] FIG. 16 is a diagram showing an example of the
drive signals of a half bridge circuit according to Embod-
iment 2. Fig. 16 (a) is an example of the driving signals
of the respective switches in a high heating power state.
Fig. 16 (b) is an example of the driving signals of the
respective switches in a low heating power state.
[0157] The control unit 45 outputs the driving signals
having a high frequency that is higher than the resonant
frequency of the load circuit, to the IGBT 23a and the
IGBT 23b of the inverter circuit 23.
[0158] By varying the frequency of each of the driving
signals, the output of the inverter circuit 23 increases or
decreases.
[0159] For example, as shown in Fig. 16 (a), when the
drive frequency is decreased, the frequency of the high
frequency current supplied to the heating coil 11 a ap-
proaches the resonant frequency of the load circuit, so
that the electric power applied to the heating coil 11 a
increases.
[0160] On the other hand, as shown in Fig. 16 (b), when
the drive frequency is increased, the frequency of the
high frequency current supplied to the heating coil 11 a
deviates from the resonant frequency of the load circuit,
so that the electric power applied to the heating coil 11
a decreases.
[0161] Furthermore, the control unit 45 varies the drive
frequency to control the applied electric power as de-
scribed above, and may also vary the on-duty ratio of the
IGBT 23a and the IGBT 23b of the inverter circuit 23 to
control a period for which the output voltage of the inverter
circuit 23 is applied, to control the electric power applied
to the heating coil 11 a.
[0162] In the case of increasing the heating power, a
ratio (on-duty ratio) of an activation time of the IGBT 23a
(deactivation time of the IGBT 23b) in one period of the
drive signals is increased to increase a voltage applying
time width in one period.
[0163] On the other hand, in the case of decreasing
the heating power, the ratio (on-duty ratio) of the activa-
tion time of the IGBT 23a (deactivation time of the IGBT
23b) in one period of the drive signals is decreased to
decrease the voltage applying time width in one period.
[0164] In the example of Fig. 16 (a), the case where
ratios of an activation time T11a of the IGBT 23a (deac-
tivation time of the IGBT 23b) and a deactivation time
T11 b of the IGBT 23a (activation time of the IGBT 23b)
in one period T11 of the drive signals are the same (on-
duty ratio of 50%) is illustrated.
[0165] On the other hand, in the example of Fig. 16
(b), the case where ratios of an activation time T12a of
the IGBT 23a (deactivation time of the IGBT 23b) and a
deactivation time T12b of the IGBT 23a (activation time
of the IGBT 23b) in one period T12 of the driving signals
are the same (on-duty ratio of 50%) is illustrated.
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[0166] The control unit 45 sets the on-duty ratio of the
IGBT 23a and the IGBT 23b of the inverter circuit 23 to
the fixed state in the state where the drive frequency of
the inverter circuit 23 is fixed in obtaining the amount of
temporal change Δl per predetermined time period of the
input current (or the coil current) as described above in
Embodiment 1.
[0167] In this manner, it is possible to obtain the
amount of temporal change Δl per predetermined time
period of the input current (or the coil current) in a state
where the electric power applied to the heating coil 11 a
is fixed.

Embodiment 3

[0168] In Embodiment 3, the inverter circuit 23 using
a full-bridge circuit will be described.
[0169] Fig. 17 is a diagram showing a part of a drive
circuit of an induction heating cooking apparatus accord-
ing to Embodiment 3. In Fig. 17, only the difference from
the drive circuit 50 in Embodiment 1 described above is
illustrated.
[0170] In Embodiment 3, two heating coils are provided
to one heating port. For example, the two heating coils
have different diameters and are arranged concentrical-
ly. Hereinafter, the heating coil having a smaller diameter
is referred to as inner coil 11 b, and the heating coil having
a larger diameter is referred to as outer coil 11c.
[0171] The number and the arrangement of the heating
coils are not limited thereto. For example, a configuration
in which a plurality of heating coils are arranged around
a heating coil arranged at the center of the heating port
may be adopted.
[0172] The inverter circuit 23 includes three arms each
including two switching elements (IGBTs) connected in
series with each other between positive and negative
buses, and diodes each connected in inverse parallel to
corresponding one of the switching elements. Hereinaf-
ter, of the three arms, one arm is referred to as a common
arm, and each of the other two arms are referred to as
an inner coil arm and an outer coil arm.
[0173] The common arm is an arm connected to the
inner coil 11 b and the outer coil 11 c and includes an
IGBT 232a, an IGBT 232b, a diode 232c, and a diode
232d.
[0174] The inner coil arm is an arm connected to the
inner coil 11 b and includes an IGBT 231 a, an IGBT 231
b, a diode 231 c, and a diode 231 d.
[0175] The outer coil arm is an arm connected to the
outer coil 11c and includes an IGBT 233a, an IGBT 233b,
a diode 233c, and a diode 233d.
[0176] The IGBT 232a and the IGBT 232b of the com-
mon arm, the IGBT 231 a and the IGBT 231 b of the inner
coil arm, and the IGBT 233a and the IGBT 233b of the
outer coil arm are driven to be turned on and off with
driving signals output from the control unit 45.
[0177] The control unit 45 outputs driving signals for
alternately turning on and off the IGBT 232a and the IGBT

232b of the common arm so that the IGBT 232b is deac-
tivated while the IGBT 232a is activated and the IGBT
232b is activated while the IGBT 232a is deactivated.
[0178] Similarly, the control unit 45 outputs driving sig-
nals for alternately turning on and off the IGBT 231 a and
the IGBT 231 b of the inner coil arm and the IGBT 233a
and the IGBT 233b of the outer coil arm.
[0179] In this manner, the common arm and the inner
coil arm form a full-bridge inverter for driving the inner
coil 11 b. In addition, the common arm and the outer coil
arm form a full-bridge inverter for driving the outer coil
11 c.
[0180] The common arm and the inner coil arm form a
"full-bridge inverter circuit" according to the present in-
vention. In addition, the common arm and the outer coil
arm form a "full-bridge inverter circuit" according to the
present invention.
[0181] A load circuit that includes the inner coil 11 b
and a resonant capacitor 24c is connected between an
output point (a connection point between the IGBT 232a
and the IGBT 232b) of the common arm and an output
point (a connection point between the IGBT 231 a and
the IGBT 231 b) of the inner coil arm.
[0182] A load circuit that includes the outer coil 11 c
and a resonant capacitor 24d is connected between the
output point of the common arm and an output point (a
connection point between the IGBT 233a and the IGBT
233b) of the outer coil arm.
[0183] The inner coil 11 b is a heating coil that is wound
in a substantially circular shape and has a small outer
shape, and the outer coil 11c is disposed at the outer
periphery of the inner coil 11 b.
[0184] The coil current flowing through the inner coil
11 b is detected by a coil current detection unit 25c. The
coil current detection unit 25c detects, for example, a
peak of the electric current flowing through the inner coil
11 b and outputs a voltage signal corresponding to the
peak value of the heating coil current, to the control unit
45.
[0185] The coil current flowing through the outer coil
11 c is detected by a coil current detection unit 25d. The
coil current detection unit 25d detects, for example, a
peak of the electric current flowing through the outer coil
11 c and outputs a voltage signal corresponding to the
peak value of the heating coil current, to the control unit
45.
[0186] The control unit 45 inputs the driving signals
having a high frequency to the switching elements (IG-
BTs) of each arm depending on the applied electric power
(heating power) to adjust the heating output.
[0187] The drive signals that are output to the switching
elements of the common arm and the inner coil arm are
varied in a range of the drive frequency that is higher
than a resonant frequency of the load circuit that includes
the inner coil 11 b and the resonant capacitor 24c, to
control an electric current flowing through the load circuit
to flow in a lagging phase as compared to a voltage ap-
plied to the load circuit.
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[0188] Further, the drive signals that are output to the
switching elements of the common arm and the outer coil
arm are varied in a range of the drive frequency that is
higher than a resonant frequency of the load circuit that
includes the outer coil 11 c and the resonant capacitor
24d, to control an electric current flowing through the load
circuit to flow in a lagging phase as compared to a voltage
applied to the load circuit.
[0189] Next, an operation of controlling the applied
electric power (heating power) with a phase difference
between the arms of the inverter circuit 23 will be de-
scribed.
[0190] Fig. 18 is a diagram showing an example of the
driving signals of the full-bridge circuit according to Em-
bodiment 3.
[0191] Fig. 18 (a) is an example of the driving signals
of the respective switches and energization timings of
the respective heating coils in the high heating power
state.
[0192] Fig. 18 (b) is an example of the driving signals
of the respective switches and energization timings of
the respective heating coils in the low heating power
state.
[0193] The energization timings shown in Figs. 18 (a)
and 18 (b) relate to a potential difference of the output
point (the connection point between the IGBT and the
IGBT) of each arm, and a state where the output point
of the common arm is lower than the output point of the
inner coil arm and the output point of the outer coil arm
is indicated by "ON". In addition, a state where the output
point of the common arm is higher than the output point
of the inner coil arm and the output point of the outer coil
arm and a state of the same potential are indicated by
"OFF".
[0194] As shown in FIG. 18, the control unit 45 outputs
driving signals having a high frequency that is higher than
the resonant frequency of the load circuit, to the IGBT
232a and the IGBT 232b of the common arm.
[0195] In addition, the control unit 45 outputs driving
signals that advance in phase relative to the driving sig-
nals of the common arm, to the IGBT 231 a and the IGBT
231 b of the inner coil arm and the IGBT 233a and IGBT
233b of the outer coil arm. The frequencies of the drive
signals of the respective arms are the same, and the on-
duty ratios thereof are also the same.
[0196] To the output point (the connection point be-
tween the IGBT and the IGBT) of each arm, a positive
bus potential and a negative bus potential that is an out-
put of the DC power supply circuit is output alternately
at the high frequency depending on the activation/deac-
tivation state of the IGBTs. Thus, the potential difference
between the output point of the common arm and the
output point of the inner coil arm is applied to the inner
coil 11 b. In addition, the potential difference between
the output point of the common arm and the output point
of the outer coil arm is applied to the outer coil 11c.
[0197] Therefore, by increasing or decreasing the
phase difference between the drive signals to the com-

mon arm and the drive signals to the inner coil arm and
the outer coil arm, it is possible to adjust high frequency
voltages to be applied to the inner coil 11b and the outer
coil 11c, and control high frequency output currents and
the input currents that flow through the inner coil 11 b
and the outer coil 11 c.
[0198] In the case of increasing the heating power, a
phase α between the arms is increased to increase the
voltage applying time width in one period. The upper limit
of the phase α between the arms is in the case of a re-
verse phase (phase difference of 180 degrees), and an
output voltage waveform at this time is a substantially
rectangular wave.
[0199] In the example of Fig. 18 (a), the case where
the phase α between the arms is 180 degrees is illustrat-
ed. In addition, the case where the on-duty ratio of the
drive signals of each arm is 50%, that is, the case where
ratios of an activation time T13a and a deactivation time
T13b in one period T13 are the same is illustrated.
[0200] In this case, an energization activation time
width T14a and an energization deactivation time width
T14b of the inner coil 11 b and the outer coil 11 c in one
period T14 of the drive signals have the same ratio.
[0201] In the case of decreasing the heating power,
the phase α between the arms is decreased as compared
to the high heating power state to decrease the voltage
applying time width in one period. The lower limit of the
phase α between the arms is set to such a level as to
prevent an overcurrent from flowing through and destroy-
ing the switching elements in relation to, for example, the
phase of the electric current flowing through the load cir-
cuit when the switching elements are turned on.
[0202] In the example of Fig. 18 (b), the case where
the phase α between the arms is decreased as compared
to FIG. 18 (a) is illustrated. The frequency and the on-
duty ratio of the drive signals of each arm are the same
as in FIG. 18 (a).
[0203] In this case, the energization activation time
width T14a of the inner coil 11 b and the outer coil 11 c
in one period T14 of the drive signals is a time period
corresponding to the phase α between the arms.
[0204] In this manner, it is possible to control the elec-
tric power applied to the inner coil 11 b and the outer coil
11 c (heating power), on the basis of the phase difference
between the arms.
[0205] In the above description, the case where both
the inner coil 11 b and the outer coil 11c perform the
heating operation has been described, but the driving of
the inner coil arm or the outer coil arm may be stopped
so that only one of the inner coil 11 b and the outer coil
11c may perform the heating operation.
[0206] The control unit 45 sets each of the phase α
between the arms and the on-duty ratio of the switching
elements of each arm to a fixed state in the state where
the drive frequency of the inverter circuit 23 is fixed in
obtaining the amount of temporal change Δl of the input
current (or the coil current) per predetermined time period
as described above in Embodiment 1. The other opera-
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tions are similar to those of Embodiment 1 described
above.
[0207] Thus, it is possible to obtain the amount of tem-
poral change Δl of the input current (or the coil current)
per predetermined time period in a state where the elec-
tric power applied to the inner coil 11 b and the outer coil
11 c is fixed.
[0208] In Embodiment 3, the coil current flowing
through the inner coil 11 b and the coil current flowing
through the outer coil 11 c are detected by the coil current
detection unit 25c and the coil current detection unit 25d,
respectively.
[0209] Therefore, in the case where both the inner coil
11 b and the outer coil 11 c perform the heating operation,
even if one of the coil current detection unit 25c and the
coil current detection unit 25d cannot detect the coil cur-
rent value due to a fault or another related factor, it is
possible to detect the amount of temporal change Δl of
the coil current per predetermined time period, on the
basis of a value detected by the other of the coil current
detection unit 25c and the coil current detection unit 25d.
[0210] Moreover, control unit 45 may obtain the
amount of temporal change Δl, per predetermined time
period, of the coil current detected by the coil current
detection unit 25c and the amount of temporal change
Δl, per predetermined time period, of the coil current de-
tected by the coil current detection unit 25d and may use
the larger one of the amounts of temporal change Δl to
perform each determination operation described above
in Embodiment 1. Furthermore, an average value of each
amount of temporal change Δl may be used to perform
each determination operation described above in Em-
bodiment 1.
[0211] By performing such control, it is possible to
more accurately obtain the amount of temporal change
Δl of the coil current per predetermined time period even
in the case where one of the coil current detection unit
25c and the coil current detection unit 25d has low de-
tection accuracy.
[0212] In Embodiments 1 to 3 described above, the IH
cooking heater has been described as an example of the
induction heating cooking apparatus according to the
present invention, but the present invention is not limited
thereto. The present invention is applicable to any induc-
tion heating cooking apparatus employing an induction
heating method, such as a rice cooker that performs
cooking by induction heating.

Reference Signs List

[0213] 1 first heating port, 2 second heating port, 3 third
heating port, 4 top plate, 5 heating target, 11 first heating
unit, 11 a heating coil, 11 b inner coil, 11 c outer coil, 12
second heating unit, 13 third heating unit, 21 AC power
supply, 22 DC power supply circuit, 22a diode bridge,
22b reactor, 22c smoothing capacitor, 23 inverter circuit,
23a, 23b IGBT, 23c, 23d diode, 24a to 24d resonant ca-
pacitor, 25a input current detection unit, 25b to 25d coil

current detection unit, 30 temperature detection unit, 31
drive control unit, 32 load determination unit, 33 drive
frequency setting unit, 34 current change detection unit,
35 period measurement unit, 36 input/output control unit,
40a to 40c operation unit, 41 a to 41 c display unit, 42
notification unit, 45 control unit, 50 drive circuit, 100 in-
duction heating cooking apparatus, 231 a, 231 b IGBT,
232a, 232b IGBT, 233a, 233b IGBT, 231c, 231 d diode,
232c, 232d diode, 233c, 233d diode

Claims

1. An induction heating cooking apparatus comprising:

a heating coil configured to inductively heat a
heating target;
a drive circuit configured to supply high-frequen-
cy power to the heating coil; and
a control unit configured to control driving of the
drive circuit to control the high-frequency power
supplied to the heating coil,
the control unit obtaining an amount of temporal
change (Δl) of at least one of an input current to
the drive circuit and a coil current flowing through
the heating coil, in a state where a drive frequen-
cy of the drive circuit is fixed,
the control unit measuring a first time (t1) from
start of power supply to the heating coil until the
amount of temporal change (Δl) becomes equal
to or less than a set value,
the control unit controlling the high-frequency
power supplied to the heating coil depending on
the first time (t1) and an amount of current
change (l1) of at least one of the input current
and the coil current during the first time (t1).

2. The induction heating cooking apparatus of claim 1,
wherein the control unit decreases the high-frequen-
cy power supplied to the heating coil, as the first time
(t1) is shorter and the amount of current change (l1)
is smaller.

3. The induction heating cooking apparatus of claim 1
or 2, wherein
the control unit infers that a heat load of a content of
the heating target at an initial stage of heating is
smaller as the first time (t1) is shorter and the amount
of current change (l1) is smaller, and
the control unit controls the high-frequency power
supplied to the heating coil depending on the inferred
heat load.

4. The induction heating cooking apparatus of any one
of claims 1 to 3, wherein
the control unit decreases the high-frequency power
supplied to the heating coil, when a second time (Δt)
elapses after the amount of temporal change (Δl)
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obtained in the state where the drive frequency of
the drive circuit is fixed becomes equal to or less
than the set value, and
the control unit determines the second time (Δt) de-
pending on the first time (t1) and the amount of cur-
rent change (l1).

5. The induction heating cooking apparatus of claim 4,
wherein the control unit decreases the second time
(Δt) as the first time (t1) is shorter and the amount
of current change (l1) is smaller.

6. The induction heating cooking apparatus of any one
of claims 1 to 5, wherein the control unit increases
the drive frequency of the drive circuit to decrease
the high-frequency power supplied to the heating
coil, after the amount of temporal change (Δl) ob-
tained in the state where the drive frequency of the
drive circuit is fixed becomes equal to or less than
the set value, and
the control unit determines an increment amount of
the drive frequency depending on the first time (t1)
and the amount of current change (l1).

7. The induction heating cooking apparatus of claim 6,
wherein the control unit decreases the increment
amount of the drive frequency as the first time (t1)
is shorter and the amount of current change (l1) is
smaller.

8. The induction heating cooking apparatus of any one
of claims 1 to 7, wherein the control unit varies the
drive frequency of the drive circuit or an on-duty ratio
of a switching element of the drive circuit to decrease
the high-frequency power supplied to the heating
coil.

9. The induction heating cooking apparatus of any one
of claims 1 to 8, further comprising:

an operation unit configured to be operated for
selecting an operating mode; and
a notification unit, wherein
the control unit drives the drive circuit if a water
boiling mode of setting a water boiling operation
is selected as the operating mode, and
after the amount of temporal change (Δl) be-
comes equal to or less than the set value, the
control unit causes the notification unit to send
a notification that water boiling is completed.

10. The induction heating cooking apparatus of claim 9,
wherein if the first time (t1) is shorter than a time
reference value and the amount of current change
(l1) is smaller than a current reference value, when
the amount of temporal change (Δl) becomes equal
to or less than the set value, the control unit causes
the notification unit to send a notification that water

boiling is completed.

11. The induction heating cooking apparatus of any one
of claims 1 to 10, further comprising a load determi-
nation unit configured to perform a load determina-
tion process on the heating target, wherein the con-
trol unit sets a drive frequency for driving the drive
circuit depending on a determination result of the
load determination unit.

12. The induction heating cooking apparatus of any one
of claims 1 to 11, wherein the control unit sets an on-
duty ratio of a switching element of the drive circuit
to a fixed state in the state where the drive frequency
of the drive circuit is fixed.

13. The induction heating cooking apparatus of any one
of claims 1 to 11, wherein
the drive circuit includes a full-bridge inverter circuit
including at least two arms each including two
switching elements connected in series, and
the control unit sets a drive phase difference of the
switching elements between the two arms and an
on-duty ratio of the switching elements to a fixed
state, in a state where a drive frequency of the switch-
ing elements of the full bridge inverter circuit is fixed.

14. The induction heating cooking apparatus of any one
of claims 1 to 11, wherein the drive circuit includes
a half-bridge inverter circuit including an arm includ-
ing two switching elements connected in series, and
the control unit sets an on-duty ratio of the switching
elements to a fixed state, in a state where a drive
frequency of the switching elements of the half-
bridge inverter circuit is fixed.
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