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(57) ABSTRACT

An 1induction heating cooking apparatus and a control method
thereol are provided. A vessel can be effectively heated by
using a plurality of heating coils regardless of a position of the
vessel. By connecting a plurality of heating coils to a smaller
amount of inverters through relays, only a heating coil on
which a vessel 1s placed, among the plurality of heating coils,
can be heated. Also, by connecting the heating coils 1n series,
a current flowing in the heating coil can be lowered, and thus,
a rated current of the mverter can be lowered. Also, by con-
necting relays and heating coils such that a larger amount of
heating coils are operated, while minimizing the amount of
inverters, manufacturing cost can be reduced, operation effi-
ciency can be increased, and stability of the cooking appara-
tus can be enhanced.
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INDUCTION HEATING COOKING
APPARATUS AND CONTROL METHOD
THEREOF

CROSS-REFERENCE TO RELATED D
APPLICATION

Pursuant to 35 U.S.C. §119(a), this application claims the

benefit of earlier filing date and right of priority to Korean
Application No. 10-2012-0028914, filed on Mar. 21, 2012, 10

the contents of which 1s incorporated by reference herein in its
entirety.

BACKGROUND OF THE INVENTION

15

1. Field of the Invention

The present disclosure relates to a cooking apparatus and,
more particularly, to an induction heating cooking apparatus
having a plurality of heating coils.

2. Background of the Invention 20

An mduction heating cooking apparatus 1s a device for
cooking food by using heat generated by eddy current loss
and hysteresis loss generated in a cooking vessel (or a cook-
ing container) made of metal when an AC magnetic field 1s
applied to the cooking vessel. The induction heating cooking 25
apparatus has an advantage 1n that 1t has high efficiency. As
illustrated in FIG. 1, an induction heating cooking apparatus
10 includes a heating co1l 12 provided 1n a lower portion of an
upper plate 11 on which a vessel 20 1s placed, and as the
heating coil 1s heated, a food 1tem within the vessel 1s heated. 30
The induction heating cooking apparatus further includes an
iverter serving to apply a high frequency current to the
heating coil 12.

In general, the iverter of the induction heating cooking
apparatus may be implemented as one of a half-bridge type 35
induction heating cooking apparatus, a full-bridge type
induction heating cooking apparatus, a class E-type induction
heating cooking apparatus, and the like. Also, 1n general, a
single heating coil 1s connected to a single inverter.

Recently, products, such as a free cook zone type product, 40
which detect a position of a vessel and heat the vessel no
matter where the vessel 1s placed on an upper plate thereof
have been introduced to the market of induction heating cook-
ing apparatuses. In order to maximize heating efficiency, the
amount of heating coils 1s advantageously required to be 45
increased, and in this case, as the amount of heating coils 1s
increased, the amount of inverters for driving them 1s also
increased.

SUMMARY OF THE INVENTION 50

Theretfore, an aspect of the detailed description 1s to pro-
vide an induction heating cooking apparatus in which a large
amount ol heating coils are operated, while minimizing the
amount of inverters through a simple topology, and a control 55
method thereof.

Another aspect of the detailed description 1s to provide an
induction heating cooking apparatus in which a heating coil 1s
connected to or separated from an inverter by using a relay
and heating coils are connected 1n series to an inverter in order 60
to reduce a current tlowing in the heating coils, and a control
method thereof.

To achieve these and other advantages and 1n accordance
with the purpose of this specification, as embodied and
broadly described herein, an induction heating cooking appa- 65
ratus includes: a heating unit configured to include a plurality
ol heating coils forming heating regions and heat a vessel

2

placed in each heating region, respectively; a plurality of
inverters configured to supply a dniving voltage to one or
more of the heating coils; a control unit configured to detect
one or more heating regions 1n which the vessel 1s placed and
control the plurality of inverters according to a control com-
mand; and a plurality of relays connecting the one or more
heating coils corresponding to the heating regions detected by
the control unit and the one or more of the inverters.

To achieve these and other advantages and 1n accordance
with the purpose of this specification, as embodied and
broadly described herein, an induction heating cooking appa-
ratus includes: a converter configured to convert an input
voltage from a commercial AC power source into a DC volt-
age and output the same; a smoothing unit configured to
smooth the DC voltage output from the converter; a heating
unit configured to include a plurality of heating coils forming
heating regions and heat a vessel placed 1n each heating
region, respectively, and resonance capacitors connected to
the heating coils to generate resonance; a plurality of inverters
configured to convert the smoothed DC voltage from the
smoothing unit into a driving voltage according to a control
signal, and supply the driving voltage to one or more of the
heating coils; an mput unit configured to recerve a control
command with respect to the heating umit; a control unit
configured to detect one or more heating regions in which the
vessel 1s placed, and generate the control signal for control-
ling the plurality of inverters according to the control com-
mand; and a plurality of relays connecting one or more of the
heating coils corresponding to heating regions detected by the
control unit and one or more of the inverters, on the basis of
respective opeming and closing signals.

To achieve these and other advantages and 1n accordance
with the purpose of this specification, as embodied and
broadly described herein, a method for controlling an iduc-
tion heating cooking apparatus including a heating unit con-
figured to include a plurality of heating coils forming heating
regions and heat a vessel placed 1n each heating region,
respectively, a plurality of 1nverters configured to supply a
driving voltage to one or more of the heating coils, and a
plurality of relays, includes: detecting one or more heating
regions 1n which the vessel 1s placed; connecting the one or
more heating coils corresponding to the heating regions and
one or more of the inverters by the plurality of relays; receiv-
ing a control command; and driving a corresponding inverter
according to the control command.

According to embodiments of the present invention, a ves-
sel can be effectively heated by using a plurality of heating
coils regardless of a position of the vessel.

According to embodiments of the present invention, since
a plurality of heating coils are connected to a smaller amount
of 1nverters through relays, only a heating coil on which a
vessel 1s placed, among the plurality of heating coils, can be
heated. Also, since the heating coils are connected 1n series, a
current flowing in the heating coil can be lowered, and thus, a
rated current of the inverter can be lowered.

In the embodiments of the present invention, since relays
and heating coils are connected such that a larger amount of
heating coils are operated, while mimimizing the amount of
inverters, manufacturing cost can be reduced, operation eifi-
ciency can be increased, and stability of the cooking appara-
tus can be enhanced.

Further scope of applicability of the present application
will become more apparent from the detailed description
given hereinafter. However, 1t should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
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within the spirit and scope of the mvention will become
apparent to those skilled 1n the art from the detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, illustrate
exemplary embodiments and together with the description
serve to explain the principles of the invention.

In the drawings:

FIG. 1 1s a perspective view 1illustrating the exterior of a
general induction heating cooking apparatus;

FIGS. 2 and 3 are block diagrams of induction heating
cooking apparatuses according to embodiments of the present
invention;

FIG. 4 1s a view 1illustrating the layout of heating coils
according to an embodiment of the present invention;

FIG. 5 1s a connection diagram of the heating coils and
relays according to an embodiment of the present invention;

FIG. 6 1s a view 1llustrating connections of heating coils
according to a relay operation in FIG. 5;

FIG. 7 1s a connection diagram of the heating coils and
relays according to another embodiment of the present inven-
tion;

FIG. 8 1s a connection diagram of the heating coils and
relays according to another embodiment of the present inven-
tion;

FIG. 9 1s a view 1llustrating connections of heating coils
according to a relay operation in FIG. 8;

FIG. 10 1s a cross-sectional view illustrating flat litz wire
type heating coils; and

FI1G. 11 1s a tlow chart schematically illustrating a method
for controlling an induction heating cooking apparatus
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Description will now be given 1in detail of the exemplary
embodiments, with reference to the accompanying drawings.
For the sake of brief description with reference to the draw-
ings, the same or equivalent components will be provided
with the same reference numbers, and description thereof will
not be repeated.

Referring to FIG. 2, an induction heating cooking appara-
tus according to an embodiment of the present mvention,
heating units 110 and 120 including a plurality of heating
coils forming heating regions, respectively, and heating a
vessel (or a container) placed 1n the heating regions, a plural-
ity of mnverters 210 and 220 configured to supply a driving
voltage to one or more of the heating coils, a control unit 400
configured to detect one or more heating regions 1n which the
vessel 1s placed and controlling the plurality of inverters
according to a control command, and a plurality of relays 310
and 320 configured to connect one or more of the heating coils
corresponding to the heating region detected by the control
unit 400 and one or more of the i1nverters, on the basis of
opening and closing signals with respect to each of the relays.

The heating units 110 and 120 may further include reso-
nance capacitors connected to the heating coils to generate
resonance, respectively. Namely, the heating umts 110 and
120 may form a resonance circuit comprised of the heating
coil and the resonance capacitor to heat the vessels placed 1n
the heating regions, respectively.

The inverters 210 and 220 include a switching element
switched according to a driving signal from the driving units
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610 and 620, respectively. Here, 1in general, the switching
clement 1s a high frequency semiconductor.

The switching element may be configured as one of a
bipolar junction transistor (BJT), a metal oxide semiconduc-
tor field effect transistor (MOSFET), an insulated gate polar
transistor (IGBT), and the like. The mverters 210 and 220
may further include a backward diode. The backward diode
may perform freewheeling function.

The relays 310 and 320 connect the heating coils and the
inverters 210 and 220. Namely, the relays 310 and 320 con-
nect one or more heating coils corresponding to the heating
regions detected by the control unit 400 and one or more of the
inverters 210 and 220. The relays 310 and 320 are mechanical
and electrical elements operating according to an opening and
closing signal from the control unit 400 to open and close
lines, respectively.

For example, 1n a case 1n which the switching elements are
IGBTs, the driving units 610 and 620 may be, for example,
gate driving ICs, or the like, for outputting a gate driving
signal to the iverters 210 and 220. The driving units 610 and
620 recerve a control signal from the control umit 400, respec-
tively. The control unit 400 outputs a control signal for regu-
lating a degree of heating the heating coils according to a
control command from a user input through an input unit (not
shown), to the driving unmits 610 and 620. In this case, the
control signal may be a voltage or frequency variable signal.

The induction heating cooking apparatus may further
include sensing units 510 and 520 detecting a current of the
heating coils and outputting a corresponding current value.
The control unit 400 compares the current value with a pre-
determined reference current value, and detects the one or
more heating regions in which the vessel 1s placed, on the
basis of the comparison results. For example, when the con-
trol unit 400 sequentially applies a high frequency voltage to
the respective coils, the sensing units 510 and 520 sense a
current generated in each heating coil, and output the current
value to the control unit 400. The control unit 400 compares
the current value output from the sensing units 510 and 520
and a reference current value to detect a heating region. Here,
the reference current value may be measured and set in
advance through an experiment, or the like, according to the
amount, form, position, connection relationship, and the like,
of the heating coils. Each of the sensing units 510 and 520
may include various types of sensors for sensing vibration,
weight, magnetic field, and the like.

The amount of the mverters 210 and 220 1s less than the
amount of the heating coils WC. Namely, each ofthe plurality
of inverters 210 and 220 1s connected to some of the plurality
of heating coils 1n order to supply the driving voltage thereto.
Among the plurality of heating coils, heating coils that may
be connectable to one iverter (1.e., a same mverter) are con-
nected to each other by the relays.

Referring to FIG. 3, the induction heating cooking appa-
ratus according to another embodiment of the preset inven-
tion 1includes converter 710 and 720 converting an input volt-
age Irom a commercial alternating current (AC) power source
into a direct current (DC) voltage and outputting the same,
respectively, smoothing units 810 and 820 smoothing the
output DC voltage from the converters 700, respectively,
heating units 130 and 140 including a plurality of heating
coils forming heating regions and heating vessels placed 1n
the heating regions and resonance capacitors connected to the
heating coils to generate resonance, a plurality of 1nverters
230 and 240 converting the smoothed DC voltage from the
smoothing units 810 and 820 into driving voltages, and sup-
plying the driving voltages to the one or more of the heating
coils, an mput unit (not shown) recerving a control command
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with respect to the heating units 130 and 140, a control unit
400 detecting one or more heating regions 1n which the ves-
sels are placed, and generating the control signal for control-
ling the plurality of inverters according to the control com-
mand, and a plurality of relays 330 and 340 connecting one or
more of the heating coils corresponding to the heating regions
detected by the control unit 400 and one or more of the
iverters 230 and 240, on the basis of opening and closing
signals of the respective relays.

A description of the same elements as those of FIG. 2 will
be omitted.

In FIGS. 2 and 3, the 1inverters 210, 220, 230, and 240 are
illustrated as half-bridge type inverters, but the present inven-
tion 1s not limited thereto and the inverters 210, 220, 230, and
240 may also be implemented as full-bridge type 1nverters 1n
the same manner. Also, two pairs of heating coils (totaling
four heating coils), two 1nverters, and two relays are 1llus-
trated, but the present mvention 1s not limited thereto and
three or more pairs of heating coils, three or more nverters,
and three or more relays may also be implemented as neces-
sary.

The converters 710 and 720 are connected to commercial
AC power sources 30, and convert an AC voltage input from
the commercial AC power sources 30 into a DC voltage,
respectively. As the converters 710 and 720, in general, a
power bridge diode (PBD) 1s used. The DC voltage 1n this
case has a waveform of a pulsating current.

The smoothing units 810 and 820 remove harmonics from
the DC voltage having a pulsating current waveform output
from the converters 710 and 720 through a reactor, and
smooth 1t through a smoothing capacitor, respectively. A volt-
age applied to the smoothing capacitor in this case 1s a DC
link voltage.

An operation of the induction heating cooking apparatus
according to embodiments of the present mnvention will be
described with reference to FIGS. 4 through 8.

As 1llustrated 1n FIGS. 5 through 7, 1n a case 1n which two
inverters are formed to supply power to heating coils, a heat-
ing unit may include a first coil umt including two or more
heating coils driven by a first inverter, connected to each other
in series, and forming a first heating region, a second coil unit
including two or more heating coils driven by a second
inverter, connected to each other in series, and forming a
second heating region, and a third coil unit including one or
more heating coils driven by the first inverter or the second
inverter, connected to the first coil unit or the second coil unit
in series or directly connected to the first inverter or the
second 1nverter to form a third heating region.

FI1G. 4 1llustrates an example of a heating unit including ten
heating coils. Referring to FIG. 3, five heating coils, among,
the heating coils of FIG. 4, and two 1nverters are connected,
and a plurality of relays are provided between the heating
coils and the mverters.

The heating coils 1llustrated in FIG. 4 may be configured as
flat Iitz wire type heating coils as illustrated 1in FIG. 10. The
flat litz wire type coils may be formed by compressing circu-
lar 1tz wire type heating coils. In the case of the flat litz wire
type heating coils, they may be wound by a relatively large
number of turns over a limited width (or over a predetermined
width).

Referring to FIGS. 5 and 6, first inverter INV 1 and second
iverter INV 2 apply a high frequency voltage to heating coils
1 to 5 WC 1 to WC 5 through relays RELAY_ 01 to
RELAY_ 07, respectively.

A case 1 which a vessel 1s placed 1n a heating region
handled by the 1s heating coil 1 WC 1 will be described. The

heating coil 1 WC 1 recerves power from the mnverter 1 INV1,
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and the heating co1l 1 WC 1 and the inverter 1 INV1 are
connected by therelay 1 RELAY 01, therelay 3 RELAY_03,
and the relay S RELAY_05. Namely, in order to operate the
heating coil 1 WC1, the control unit outputs an opening and
closing signal 0 to the relay 1 RELAY_01, the opening and
closing signal 0 to the relay 3 RELAY_03, and the opening
and closing signal 0 to the relay 5 RE JLAY_OS respectively.

Similarly, 1n the case of the heating coi1l 2 WC 2, the control
unit outputs an openming and closing signal 1 to the relay 1
RELAY_ 01, the opening and closing signal 1 to the relay 3
RELAY 03, and the opeming and closing signal 0 to the relay
5 RELAY_03.

Meanwhile, the heating coil 3 WC 3 1s connected to the first
mverter 1 INV 1 by the relay 1 RELAY_01, relay 3
RELAY_ 03, the relay 5 RELAY_05, and a relay 7
RELAY_07. In order to heat the heating coil 3 WC(C3, the
control unit outputs the opening and closing signal 1 to the
relay 1 RELAY_01, the opening and closing signal 0 to the
relay 3 RELAY_03, the opening and closing signal 1 to the

relay 5 RELAY_05, and the opening and closing signal 0 to
the relay 7 RELAY_07.

The heating coil 4 WC 4 and the heating coil 5 WC 5
receive power from the inverter 2 INV 2. Operations of the
heating coil 4 WC 4 and the heating coil 5 WC 3 are referred
to FIGS. 5 and 6.

When the vessel 1s placed to extend over the heating coil 1
WC 1 and the heating coi1l 2 WC 2, the control unit may output
the openmg and closing signal 0 to the relay 1 RELAY_01,
the opening and closing signal 1 to the relay 3 RELAY_03,
and the opening and closing signal 0 to therelay SRELAY_ 05
to 1s allow the inverter 1 INV 1 to supply power to the heating
coill 1 WC 1 and the heating coi1l 2 WC 2. Here, the heating coil
1 WC 1 and the hating coil 2 WC 2 are connected 1n series.
Namely, since two heating coils are connected to the single
inverter in series, rather than 1n parallel, a current flowing 1n
the heating coils 1s lowered. Thus, a rate current of the switch-
ing clements, e.g., the IGBT, the MOSFET, and the like, in the
inverter can be lowered.

When the vessel 1s placed to extend over the heating coil 3
WC 3 to the heating coil 5 WC §, the control unit outputs the
opening and closing signal 0 to therelay 2 RELAY 02 and the
opening and closing signal 1 to the relay 4 RELAY _04 to the
relay 7 RELAY_07 to allow the imnverter 2 INV 2 to supply
power to the heating coil 3 WC 3 to the heating co1l $ WC 5.
Also, 1n this case, the heating coil 3 WC 3 to the heating coil
5 WC 5 are connected 1n series.

FIG. 7 shows another example of connections of the heat-
ing coils and the relays. Namely, although the same amount of
inverters, heating coils, and relays 1s provided the induction
heating cooking apparatus illustrated 1n FIG. 7 may have
connections different from those of the induction heating
cooking apparatus of FIG. 5. Also, 1n this case, similarly, the
control unit may output and closing signals to the relays
connecting the heating coils corresponding to heating regions
in which a vessel 1s placed, to heat the heating coils. Of
course, number of cases may be different from that of FIG. 6.

FIG. 8 shows another example of connections of the heat-
ing coils and the relays. Namely, although the same amount of
inverters, heating coils, and relays 1s provided the induction
heating cooking apparatus illustrated 1n FIG. 7 may have
connections different from those of the induction heating
cooking apparatus of FIG. 5 or FIG. 7. Also, 1 this case,
similarly, the control unit may output and closing signals to
the relays connecting the heating coils corresponding to heat-
ing regions 1 which a vessel 1s placed, to heat the heating
coils. Of course, number of cases may be different from that

of FIG. 9.
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Referring to FIG. 11, a method for controlling an induction
heating cooking apparatus according to an embodiment of the
present invention may include step (5100) of detecting one or
more heating regions in which a vessel 1s placed, step (S200)
of connecting one or more of the heating coils corresponding
to the heating regions and one or more of the iverters by a
plurality of relays, step (S300) of recerving a control com-
mand, and step (S400) of driving a corresponding inverter
according to the control command. The configuration of the
respective steps of the control method will be described with
reference to FIGS. 2 to 10, together.

The step (S100) of detecting a heating region may include
a process of detecting currents of the heating coils to output
current values and a process of comparing the current values
with a predetermined reference current value, and on the basis
of the comparison results, one or more heating regions 1n
which the vessel 1s placed are detected. Of course, the heating
regions 1n which the vessel may also be detected by using a
different type sensing value.

The method for controlling an induction heating cooking
apparatus according to embodiments of the present invention
will be described with reference to FIGS. 4 through 9.

FI1G. 4 1llustrates an example of a heating unit including ten
heating coils. Referring to FIG. 3, five heating coils, among,
the heating coils of FIG. 4, and two 1nverters are connected,
and a plurality of relays are provided between the heating
coils and the inverters.

Referring to FIGS. 5 and 6, first inverter INV 1 and second
inverter INV 2 1s apply a high frequency voltage to heating
coills WC 1 to WC 5 through relays 1 to 7 RELAY_01 to
RELAY_ 07, respectively.

A case 1 which a vessel 1s placed 1n a heating region
handled by the heating co1l 1 WC 1 will be described. Namely,
when the vessel 1s placed on the heating co1l 1 WC 1, a current
value of the heating coi1l 1 WC 1 1s changed, and when the
changed current value 1s equal to or greater than a reference
current value, it 1s determined that the vessel 1s placed 1n the
heating region handled by the heating coil 1 WC 1 (5100).
The heating co1l 1 WC 1 recerves power from the mnverter 1
INV1 and the heating co1l 1 WC1 and the inverter 1 INV1 are
connected by therelay 1 RELAY 01, therelay 3 RELAY 03,
and the relay S RELAY_05. Namely, the heating coill 1 WC 1
1s connected to the mnverter 1 INV 1 by therelay 1 RELAY_ 01
and the relay 3 RELAY_03 (5200). In this case, the control
unit outputs an opemng and closing signal 0 to the relay 1
RELAY_ 01, the opeming and closing signal 0 to the relay 3
RELAY_03, and the opeming and closing signal 0 to the relay
5 RELAY_05, respectively. Thereatter, the induction heating
cooking apparatus recerves a control command with respect
to the vessel from the user (S300), and generates a control
signal according to the control command to drive the inverter
1INV 1 (5400).

Similarly, in the case of the heating coi1l 2 WC 2, the control
unit outputs an opening and closing signal 1 to the relay 1
RELAY_01, the opening and closing signal 1 to the relay 3
RELAY_03, and the opening and closing signal 0 to the relay
5 RELAY_05. Namely, when 1t 1s detected that a vessel 1s
placed on the heating coil 2 WC 2 (S100), 1n the induction
heating cooking apparatus, the heating coil 2 WC 2 1s con-
nected to the inverter 1 INV 1 by the relay 1 RELAY_01, the
relay 3 RELAY_03, and the relay 5 RELAY _05 and power 1s
supplied to the heating coil 2 WC 2 (5200).

Meanwhile, the heating coil 3 WC 3 1s connected to the
inverter 1 by the relay 1 RELAY_01, relay 3 RELAY_ 03, the
relay SRELAY_05,and arelay 7RELAY_07. In order to heat
the heating coi1l 3 W(C3, the control unit outputs the opening,
and closing signal 1 to the relay 1 RELAY_01, the opening
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and closing signal 0 to the relay 3 RELAY_03, the opening
and closing signal 1 to the relay 5 RELAY _05, and the open-
ing and closing signal 0 to the relay 7 RELAY_07.

The heating coill 4 WC 4 and the heating coil 5 WC 5
receive power from the inverter 2 INV 2. Operations of the

heating coil 4 WC 4 and the heating coi1l 5 WC 3 are referred
to FIGS. 5 and 6.

When 1t 1s detected that the vessel 1s placed to extend over
the heating coil 3 WC 3 and the heating coil 5 WC 5 (5100),
in the induction heating cooking apparatus, the heating coil
WC 3 and the heating coill 5 WC 5 are connected to the
iverter 2 INV 2 through relays (S200). In this case, the
control unit outputs opening and closing signals to the corre-
sponding relays. In detail, the control unit outputs the opening,
and cl osing signal 1 to the relay 2 RELAY_02, the opening
and closing signal 1 to the relay 4 RELAY_04, the opening
and closing 81gnal 1 to the relay 6 RELAY_06, and the open-
ing and closing signal 1 to the relay 7 RELAY _07, to allow the
heating coil 3 WC 3 and the heating coil 5 WC 35 to be
connected to the inverter 2 INV 2. In this case, the heating coil
3 WC 3 and the hating coil 3 WC 3 are connected 1n series.
Namely, since two heating coils are connected to one inverter
in series, rather than in parallel, a current flowing in the
heating coils 1s lowered. Thus, a rate current of the switching
clements, e.g., the IGBT, the MOSFET, and the like, 1n the
inverter can be lowered. Thereafter, the induction heating
cooking apparatus drives the mverter 2 with respect to the
heating co1l 3 WC 3 and the heating co1l 5 WC 5 according to
a control command from the user (S300 and S400).

When 1t 1s detected that the vessel 1s placed to extend over
the heating co1l 3 WC 3 to the heating coi1l 5 WC 5 (5100), the
control unit outputs the opening and closing signal 0 to the
relay 2 RELAY_02 and the opening and closing signal 1 to the
relay 4 RELAY_04 to a relay 7 RELAY_07 to allow the
iverter 2 INV 2 to supply power to the heatmg coill 3 WC 3
to the heating coill § WC 5 (5200). Also, in this case, the
heating co1l 3 WC 3 to the heating coil 3 WC 5 are connected
1n series.

FIG. 7 shows another example of connections of the heat-
ing coils and the relays. Namely, although the same amount of
iverters, heating coils, and relays 1s provided the induction
heating Cookmg apparatus 1llustrated in FIG. 7 may have
connections different from those of the induction heating
cooking apparatus of FIG. 5. Also, 1n this case, similarly, the
control unit may output and Closing signals to the relays
connecting the heating coils corresponding to heating regions
in which a vessel 1s placed, to heat the heating coils. Of
course, a method for connecting the relays and the heating
coils according to heating regions may be diflerent from that
of FIG. 6.

FIG. 8 shows another example of connections of the heat-
ing coils and the relays. Namely, although the same amount of
inverters, heating coils, and relays 1s provided the induction
heating cookmg apparatus 1llustrated in FIG. 7 may have
connections different from those of the induction heating
cooking apparatus of FIG. 5 or FIG. 7. Also, 1n this case,
similarly, the control unit may output and closing signals to
the relays connecting the heating coils corresponding to heat-
ing regions 1 which a vessel 1s placed, to heat the heating

coils. Of course, number of cases may be different from that
of FIG. 9.

Referring to FIGS. 8 and 9, the first inverter INV 1 and the
second 1nverter INV 2 apply a high frequency voltage to the
heating coils WC 1 to WC 5 through relays RELAY_08 to
RELAY 14, respectively.

A case 1n which a vessel 1s placed 1n a heating region

handled by the heating co1l 1 WC 1 will be described. Namely,
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when the vessel 1s placed on the heating co1l11 WC 1, a current
value of the heating coi1l 1 WC 1 1s changed, and when the
changed current value 1s equal to or greater than a reference
current value, 1t 1s determined that the vessel 1s placed 1n the
heating region handled by the heating coill 1 WC 1 (S100).
The heating coi1l 1 WC 1 recerves power from the nverter 1
INV1 and the heating co1l 1 WC1 and the mnverter 1 INV1 are
connected by the relay 8 RELAY_08. Namely, the heating
coil 1 WC 1 1s connected to the mnverter 1 INV 1 by the relay
8 RELAY_08 (5200). In this case, the control unit outputs an
opening and closing signal 1 to the relay 8 RELAY_08.
Thereatter, the induction heating cooking apparatus receives
a control command with respect to the vessel from the user
(S300), and generates a control signal according to the control

command to drive the inverter 1 INV 1 (S400).

Similarly, 1n the case of the heating coi1l 2 WC 2, the control
unit outputs an openming and closing signal 1 to the relay 9
RELAY_09. Namely, when 1t 1s detected that a vessel 1s

placed on the heating coil 2 WC 2 (5100), the induction
heating cooking apparatus connects the heating coil 2 WC 2
to the mverter 1 INV 1 by the relay 9 RELAY_09, and sup-
plies power to the heating coil 2 WC 2 (5200).

Meanwhile, the heating coil 3 WC 3 may be connected to
the inverter 1 INV 1 by arelay 10 RELAY_10 and a relay 14
RELAY 14, or may be connected to the mverter 2 INV 2 by
a relay 11 RELAY_11 and the relay 14 RELAY_14. In 1s

order to heat the heating coi1l 3 WC3, the control unit outputs
the opening and closing signal 1 to the relay 10 RELAY _10

and the opening and closing signal 0 to the relay 14
RELAY_14, respectively.
The heating coil 4 WC 4 and the heating coill § WC 5

receive power from the mverter 2 INV 2. In order to heat the
heating coi1l 4 WC 4, the control unit outputs the opening and
closing signal 1 to the relay 12 RELAY_12, and 1n order to
heat the heating coil 5 WC 5, the control outputs the opening,
and closing signal 1 to the relay 13 RELAY _13, respectively.

When 1t 15 detected that the vessel 1s placed to extend over
the heating coil 3 WC 3 to the heating co1l 5 WC 5 (5100), the
induction heating cooking apparatus connects the heating coil
3 WC 3 and the heating coill WC 4 to the mverter 2 INV 2

through relays (S200). In this case, the control unit outputs
opening and closing signals to the corresponding relays.
Namely, the control umt outputs the opening and closing
signal 1 to the relay 11 RELAY _11, the opening and closing
signal 1 to the relay 12 RELAY _12, the opening and closing
signal 1 to the relay 14 RELAY_14, in order to connect the
heating coi1l 3 WC 3 and the heating coil 4 W(C 4 to the inverter
2 INV 2. Thereatter, the induction heating cooking apparatus
drives the mverter 2 with respect to the heating coil 3 WC 3
and the heating coil 4 WC 4 according to a control command
from the user (S300 and S400).

As described above, the mduction heating cooking appa-
ratus and the control method thereot according to embodi-
ments of the present invention can effectively heat a vessel
regardless ol a position of a vessel by using a plurality of
heating coils. In the embodiments of the present invention, a
plurality of heating coils are connected to a smaller amount of
iverters through relays, whereby only a heating coil on
which a vessel 1s placed, among the plurality of heating coils,
may be heated. Also, by connecting the heating coils 1n series,
a current flowing in the heating coil can be lowered, and thus,
a rated current of the inverter can be lowered. In the embodi-
ments of the present invention, relays and heating coils are
connected such that a larger amount of heating coils are
operated, while mimmizing the amount of inverters, whereby

10

15

20

25

30

35

40

45

50

55

60

65

10

manufacturing cost can be reduced, operation etficiency can
be increased, and stability of the cooking apparatus can be

enhanced.

The foregoing embodiments and advantages are merely
exemplary and are not to be considered as limiting the present
disclosure. The present teachings can be readily applied to
other types of apparatuses. This description 1s mntended to be
illustrative, and not to limit the scope of the claims. Many
alternatives, modifications, and variations will be apparent to
those skilled 1n the art. The features, structures, methods, and
other characteristics of the exemplary embodiments
described herein may be combined 1n various ways to obtain
additional and/or alternative exemplary embodiments.

As the present features may be embodied 1n several forms
without departing from the characteristics thereof, 1t should
also be understood that the above-described embodiments are
not limited by any of the details of the foregoing description,
unless otherwise specified, but rather should be considered
broadly within 1ts scope as defined in the appended claims,
and therefore all changes and modifications that fall within
the metes and bounds of the claims, or equivalents of such
metes and bounds are therefore intended to be embraced by
the appended claims.

What 1s claimed 1s:

1. An induction heating cooking apparatus, comprising:

a heater including a plurality of heating coils that forms a
plurality of heating regions and that heats a vessel placed
in each of the plurality of heating regions, respectively;

a plurality of inverters that supplies a drive voltage to one or
more of the plurality of heating coils;

a sensor that senses a current of the plurality of heating
coils and outputs a current value;

a controller that compares the current value with a prede-
termined reference current value, detects one or more of
the plurality of heating regions 1mn which the vessel 1s
placed based on a comparison result and controls the
plurality of inverters according to a control command;
and

a plurality of relays that connects the one or more of the
plurality of heating coils corresponding to the one or
more of the plurality of heating regions detected by the
controller and one or more of the plurality of inverters
based on respective opening and closing signals,
wherein the plurality of heating coils connectable to a
same 1nverter of the plurality of inverters, among the
plurality of heating coils corresponding to the detected
one or more of the plurality of heating regions, are con-
nected 1n series to each other by the plurality of relays.

2. The induction heating cooking apparatus of claim 1,
wherein a number of the plurality of inverters 1s less than a
number of the plurality of heating coils.

3. The induction heating cooking apparatus of claim 2,
wherein each of the plurality of inverters 1s connected to some
of the plurality of heating coils 1n order to supply the drive
voltage thereto.

4. The induction heating cooking apparatus of claim 1,
wherein each of the plurality of mverters 1s one of a hali-
bridge type inverter, a full-bridge type iverter, or a Class E
type iverter.

5. The induction heating cooking apparatus of claim 1,
wherein each of the plurality of heating coils 1s a flat litz wire
type heating coil.

6. The induction heating cooking apparatus of claim 3,
wherein the tlat litz wire type heating coil 1s formed by com-
pressing a circular litz wire type heating coil.
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7. The induction heating cooking apparatus of claim 6,
wherein the heater further includes a plurality of resonance
capacitors connected to the plurality of heating coils to gen-
grate a resonance.

8. An induction heating cooking apparatus, comprising:

a converter that converts an 1input voltage from a commer-
cial AC power source 1mnto a DC voltage and outputs the
DC voltage;

a smoothing device that smoothes the DC voltage output
from the converter;

heater including a plurality of heating coils that forms a
plurality of heating regions and that heats a vessel placed
in each of the plurality of heating regions, respectively,
and a plurality of resonance capacitors connected to the
plurality of heating coils to generate a resonance;

a plurality of iverters that converts the smoothed DC
voltage from the smoothing device into a drive voltage
based on a control signal, and supplies the drive voltage
to one or more of the plurality of heating coils;

an mput that receives a control command with respect to
the heater;

a sensor that senses a current of the plurality of heating
coils and outputs a current value;

a controller that compares the current value with a prede-
termined reference current value, detects one or more of
the plurality of heating regions in which the vessel 1s
placed based on a comparison result, and generates the
control signal for controlling the plurality of inverters
according to the control command; and

a plurality of relays that connects the one or more of the
plurality of heating coils corresponding to the one or
more of the plurality of heating regions detected by the
controller and one or more of the plurality of inverters,
based on respective opening and closing signals,
wherein the plurality of heating coils connectable to a
same 1nverter of the plurality of inverters, among the
plurality of heating coils corresponding to the detected
one or more of the plurality of heating regions, are con-
nected 1n series to each other by the plurality of relays.

9. The induction heating cooking apparatus of claim 8,
wherein the heater comprises:

a first coil device including two or more heating coils of the
plurality of heating coils driven by a first inverter of the
plurality of inverters, connected 1n series, and forming a
first heating region of the plurality of heating regions;

a second coil device including two or more heating coils of
the plurality of heating coils driven by a second inverter
of the plurality of inverters, connected in series, and
forming a second heating region of the plurality of heat-
ing regions; and

a third coil device including one or more heating coils of
the plurality of heating coils driven by the first inverter or
the second mverter and connected to the first coil device
or the second coil device 1n series or directly connected
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to the first inverter or the second 1nverter to form a third
heating region of the plurality of heating regions.

10. The induction heating cooking apparatus of claim 8,
wherein each of the plurality of heating coils 1s a tlat litz wire
type heating coil.

11. The imnduction heating cooking apparatus of claim 10,
wherein the flat litz wire type coil 1s formed by compressing,
a circular litz wire type heating coil.

12. A method for controlling an induction heating cooking
apparatus including a heater including a plurality of heating
coils that forms a plurality of heating regions and that heats a
vessel placed 1n each of the plurality of heating regions,
respectively, a plurality of inverters that supplies a drive volt-
age to one or more of the plurality of heating coils, and a
plurality of relays, the method comprising:

sensing a current of the plurality of heating coils and out-

putting a current value;

comparing the current value with a predetermined refer-

ence current value;
detecting one or more of the plurality of heating regions 1n
which the vessel 1s placed based on a comparison result;

connecting one or more ol the plurality of heating coils
corresponding to the one or more of the plurality of
heating regions and one or more of the plurality of
inverters by the plurality of relays;

receving a control command; and

driving a corresponding one or more of the plurality of

inverters according to the control command, wherein the
plurality of heating coils connectable to a same mverter
of the plurality of inverters, among the plurality of heat-
ing coils corresponding to the detected one or more of
the plurality of heating regions, are connected 1n series
to each other by the plurality of relays.

13. The induction heating cooking apparatus of claim 1,
wherein each of the plurality of inverters includes a switching
device.

14. The induction heating cooking apparatus of claim 13,
wherein the switching device 1s a high frequency semicon-
ductor.

15. The induction heating cooking apparatus of claim 13,
wherein the switching device 1s one of a bipolar junction
transistor (BJT), a metal oxide semiconductor field etiect
transistor (IMOSFET), or an 1nsulated gate bipolar transistor
(IGBT).

16. The induction heating cooking apparatus of claim 13,
wherein the switching device of each of the plurality of invert-
ers 1s switched based on a drive signal from a respective drive
of a plurality of drives.

17. The imnduction heating cooking apparatus of claim 16,
wherein the plurality of drives recerves a control signal from
the controller, respectively, to regulate heating of the plurality
of heating coils according to the control command.
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