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(57) Abstract: The disclosure relates to an induction heating device and a
method of controlling the induction heating device. The induction heating
device includes a first working coil and a second working coil. According
to an embodiment of the disclosure, a driving start time of the first working
coil and a driving start time of the second working coil are determined based
on a driving scheme of the first working coil, a driving scheme of the sec-
ond working coil, and a predetermined driving period. According to an em-
bodiment of the disclosure, an eccentricity determination period of the first
working coil and an eccentricity determination period of the second working
coil are determined based on the driving scheme of the first working coil, the
driving scheme of the second working coil, the driving period, a duty cycle
of the first working coil, and a duty cycle of the second working coil.
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Description
Title of Invention: INDUCTION HEATING DEVICE AND

METHOD OF CONTROLLING THE SAME
Technical Field

The disclosure relates to an induction heating device and a method of controlling the

induction heating device.

Background Art

An induction heating device is a device including one or more working coils to heat
food vessels via induction heating. When electrical energy is supplied to the working
coils, magnetic fields are produced around the working coils. The magnetic fields
allow eddy currents to flow through the vessels on the working coils, thereby heating
the vessels.

FIG. 1 illustrates an example in which a vessel is placed on a heating area of an
induction heating device according to the prior art.

One or more heating areas 12, 14, and 16 are shown on the top plate 10 of the con-
ventional induction heating device 1. Working coils are placed under their respective
corresponding heating areas 12, 14, and 16 to heat vessels.

The user places a vessel on one of the heating areas 12, 14, and 16, sets a heating
level via a control panel 18, and inputs a heating command to the heating area on
which the vessel is placed. For example, the user puts a vessel 11 on a first heating
area 12 and sets the heating level of the first heating area 12 to 4 via the control panel
18. Thus, a heating command is input to the first heating area 12. As the heating
command is input, a required power value (e.g., 1,000W) corresponding to the heating
level input by the user is determined, and the first working coil disposed under the first
heating area 12 is driven to feed power of the determined required power value to the
vessel.

According to the prior art, the driving scheme of the working coil may be varied
depending on the required power value set for the working coil. For example, if the
required power value for the working coil is a predetermined reference power value
(e.g., 5S00W) or more, the working coil is driven linearly. For example, if the required
power value for the first working coil is determined to be 1,000W, the first working
coil is linearly driven to continuously deliver a power of 1,000W as shown in FIG. 2.

In contrast, if the required power value for the working coil is less than the reference
power value, the working coil is duty-driven. For example, if the required power value

for the first working coil is determined to be 400W, the first working coil is driven
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while repeating its on and off states based on the duty cycle corresponding to the
required power value as shown in FIG. 3. FIG. 3 illustrates the output power value of
the first working coil when the first working coil has a predetermined driving period T
and its duty cycle is set to 50%. Since the duty cycle is 50%, each of the on-time TA
and the off-time (TB) within one driving period T is set to 1/2T.

When the working coil is driven to heat the vessel, the center of the vessel 11 may
not match the center of the heating area 12 as shown in FIG. 1. When the center of the
vessel does not match the center of the heating area (or working coil), namely, when
the vessel is not aligned with the heating area (or working coil), the vessel is defined as
being in eccentricity.

If the vessel is in eccentricity, the power delivered to the vessel by the working coil is
lowered. Thus, more current is supplied to the working coil to allow the magnitude of
power delivered by the working coil to match the required power value. Supply of
more current to the working coil may damage the internal circuitry or elements con-
stituting the internal circuitry or cause a malfunction of the induction heating device.

Where the induction heating device includes two or more working coils and the
working coils are driven simultaneously as shown in FIG. 1, if a vessel placed on any
one working coil is in eccentricity, then the magnitude of current supplied to the
working coil increases and, thus, the output power for the other working coils may be
lowered.

To address such issues, the conventional induction heating device comes with the
functionality of periodically judging the eccentricity of the vessel while the working
coil is driven. The eccentricity of the vessel is determined by comparing the input
current or voltage to the working coil with a predetermined reference value.

FIGs. 3, 4, and 5 illustrate variations in output power of each working coil and the
period of determining the eccentricity of the vessel placed on each working coil when
the first working coil WC1 under the first heating area 12 and the second working coil
WC2 under the second heating area 14 of the induction heating device 1 are driven.

FIG. 4 illustrates the output power of each working coil when the first working coil
WC1 and the second working coil WC2 both are driven linearly as shown in FIG. 2.
Each working coil has its own period of determination of the eccentricity of the vessel.
In the embodiment of FIG. 4, the first working coil WC1 has a period of determination
DA, and the second working coil WC2 has a period of determination DB.

To precisely measure the input current or output power of any one working coil to
determine the eccentricity of the vessel placed on the working coil, the other working
coil temporarily stops running. For example, at the eccentricity determination times
DA and 2DA of the first working coil WCI, the second working coil WC2 temporarily

stops running (412 and 414). Likewise, at the eccentricity determination times DB and
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2DB of the second working coil WC2, the first working coil WCI temporarily stops

running (402 and 404).
If the periods of determination are set so that the determination of eccentricity is

performed at different times for the working coils, the determination of eccentricity for
each working coil is made normally.

FIG. 5 illustrates the output power of each working coil when the first working coil
WC is linearly driven, and the second working coil WC2 is duty-driven.

Referring to FIG. 5, at the eccentricity determination times DB and 2DB of the
second working coil WC2, the first working coil WC1 temporarily stops running (502
and 504).

If the eccentricity determination times DA and 2DA of the first working coil WC1
match the eccentricity determination times DB and 2DB of the second working coil
WC2 as shown in FIG. 5, the first working coil WC1 and the second working coil
WC2 are forced to stop running. This renders it impossible to determine the ec-
centricity of the vessels placed on the first working coil WCI and the second working
coil WC2, thus failing to guarantee normal driving of each working coil.

FIG. 6 illustrates the output power of each working coil when the first working coil
WC is duty-driven, and the second working coil WC2 is duty-driven.

Since the first working coil WCI1 is in the off state at the eccentricity determination
times DB and 2DB of the second working coil WC2 as shown in FIG. 5, power supply
to the first working coil WC1 may be performed normally.

However, if the eccentricity determination times DA and 2DA of the first working
coil WC1 overlap the on-time of the second working coil WC2 according to the
driving period T, the second working coil WC2 is forced to stop running during times
602 and 604 for determination of the eccentricity of the first working coil WCI. Thus,
normal power supply might not be achieved due to the second working coil WC2.

As such, according to the prior art, if the respective eccentricity determination times
of two working coils overlap each other or unless an adequate driving period and ec-
centricity determination period are set for each working coil when at least one of the
two working coils is duty-driven, determination of the eccentricity for the vessels may
be rendered impossible or no guarantee may be given of normal power supply to each

working coil.

Disclosure of Invention

Technical Problem
The disclosure aims to provide an induction heating device, and a method of con-

trolling the induction heating device, which may prevent such an occasion that deter-
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mination of eccentricity is rendered impossible as the respective eccentricity deter-
mination periods of working coils are set to be identical to each other when the ec-
centricity of vessels is determined in an induction heating device with the two or more

working coils.
Another object of the disclosure is to provide an induction heating device and, a

method of controlling the induction heating device, which upon determining the ec-
centricity of a vessel placed on any one of two or more working coils included in the
induction heating device, may prevent a lowering of output power of the other working
coils, thereby enabling more stable supply of power.

The disclosure is not limited to the foregoing objectives, but other objects and ad-
vantages will be readily appreciated and apparent from the following detailed de-
scription of embodiments of the disclosure. It will also be appreciated that the objects
and advantages of the disclosure may be achieved by the means shown in the claims

and combinations thereof.

Solution to Problem

According to an embodiment of the disclosure, a method of controlling an induction
heating device comprises determining a driving scheme and duty cycle of a first
working coil according to a required power value for the first working coil, de-
termining a driving scheme and duty cycle of a second working coil according to a
required power value for the second working coil, determining a driving start time of
the first working coil and a driving start time of the second working coil based on the
driving scheme of the first working coil, the driving scheme of the second working
coil, and a predetermined driving period, determining an eccentricity determination
period of the first working coil and an eccentricity determination period of the second
working coil based on the driving scheme of the first working coil, the driving scheme
of the second working coil, the driving period, the duty cycle of the first working coil,
and the duty cycle of the second working coil, driving each of the first working coil
and the second working coil according to the driving scheme and the driving start
times, determining eccentricity of a vessel placed on the first working coil according to
the eccentricity determination period of the first working coil, and determining ec-
centricity of a vessel placed on the second working coil according to the eccentricity
determination period of the second working coil.

According to an embodiment of the disclosure, if the required power values are a pre-
determined reference power value, the driving scheme is determined to be a linear
driving scheme and, if the required power values are less than the predetermined

reference power value, the driving scheme is determined to be a duty driving scheme.
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According to an embodiment of the disclosure, if a driving scheme of the first
working coil is a linear driving scheme, and a driving scheme of the second working
coil is a linear driving scheme, the driving start time of the first working coil is set to
be identical to the driving period, and the driving start time of the second working coil
is set to be identical to 1/2 of the driving period.

According to an embodiment of the disclosure, if a driving scheme of the first
working coil is a linear driving scheme, and a driving scheme of the second working
coil is a linear driving scheme, the eccentricity determination period of the first
working coil is set to be identical to 1/2 of the driving period, and the eccentricity de-
termination period of the second working coil is set to identical to the driving period.

According to an embodiment of the disclosure, if a driving scheme of the first
working coil is a linear driving scheme, and a driving scheme of the second working
coil is a duty driving scheme, the driving start time of the first working coil is set to be
identical to the driving period, and the driving start time of the second working coil is
set to be identical to the driving period less an on-time of the second working coil.

According to an embodiment of the disclosure, if a driving scheme of the first
working coil is a linear driving scheme, and a driving scheme of the second working
coil is a duty driving scheme, the eccentricity determination period of the first working
coil is set to be identical to 1/2 of an off-time of the second working coil, and the ec-
centricity determination period of the second working coil is set to identical to 1/2 of
an on-time of the second working coil.

According to an embodiment of the disclosure, if a driving scheme of the first
working coil is a duty driving scheme, and a driving scheme of the second working
coil is a duty driving scheme, the driving start time of the first working coil is set to be
identical to the driving period, and the driving start time of the second working coil is
set to be identical to the driving period less an on-time of the second working coil.

According to an embodiment of the disclosure, if a driving scheme of the first
working coil is a duty driving scheme, and a driving scheme of the second working
coil is a duty driving scheme, the eccentricity determination period of the first working
coil and the eccentricity determination period of the second working coil are set to
differ depending on an on-time of the first working coil and an on-time of the second
working coil.

According to an embodiment of the disclosure, if the on-time of the first working coil
is larger than 1/2 of the driving period, and the on-time of the second working coil is
equal or larger than 1/2 of the driving period, the eccentricity determination period of
the first working coil is set to be identical to 1/2 of an off-time of the second working
coil, and the eccentricity determination period of the second working coil is set to be

identical to an off-time of the first working coil.
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According to an embodiment of the disclosure, if the on-time of the first working coil
is larger than 1/2 of the driving period, and the on-time of the second working coil is
smaller than 1/2 of the driving period, the eccentricity determination period of the first
working coil is set to be identical to 1/2 of the on-time of the first working coil, and the
eccentricity determination period of the second working coil is set to be identical to 1/2

of the on-time of the second working coil.
According to an embodiment of the disclosure, if the on-time of the first working coil

is smaller than 1/2 of the driving period, the eccentricity determination period of the
first working coil is set to be identical to 1/2 of the on-time of the first working coil,
and the eccentricity determination period of the second working coil is set to be
identical to 1/2 of the on-time of the second working coil.

According to an embodiment of the disclosure, if the on-time of the first working coil
is equal to 1/2 of the driving period, and the on-time of the second working coil is
equal or smaller than 1/2 of the driving period, the eccentricity determination period of
the first working coil is set to be identical to 1/2 of the on-time of the first working
coil, and the eccentricity determination period of the second working coil is set to be
identical to 1/2 of the on-time of the second working coil.

According to an embodiment of the disclosure, if the on-time of the first working coil
is equal to 1/2 of the driving period, and the on-time of the second working coil is
larger than 1/2 of the driving period, the eccentricity determination period of the first
working coil is set to be identical to 1/2 of an off-time of the second working coil, and
the eccentricity determination period of the second working coil is set to be identical to
172 of an off-time of the first working coil.

Advantageous Effects of Invention

By the present disclosure, such an occasion may be prevented that determination of
eccentricity is rendered impossible as the respective eccentricity determination periods
of working coils are set to be identical to each other in an induction heating device
with the two or more working coils.

Upon determining the eccentricity of a vessel placed on any one of two or more
working coils included in an induction heating device, a lowering of output power of

the other working coils may be prevented by the present disclosure.

Brief Description of Drawings

A more complete appreciation of the present disclosure and many of the attendant
aspects thereof will be readily obtained as the same becomes better understood by
reference to the following detailed description when considered in connection with the

accompanying drawings, wherein:
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FIG. 1 illustrates an example in which a vessel is placed on a heating area of an
induction heating device according to the prior art;

FIGs. 2, 3, 4, 5, and 6 illustrate variations in the eccentricity determination period of
a vessel placed on each working coil and the output power of each working coil when a
first working coil and a second working coil of an induction heating device are driven
according to the prior art;

FIG. 7 illustrates a configuration of an induction heating device according to an em-
bodiment of the disclosure;

FIG. 8 illustrates variations in the eccentricity determination period of a vessel placed
on each working coil and the output power of each working coil when a first working
coil of an induction heating device is linearly driven, and a second working coil of the
induction heating device is linearly driven, according to an embodiment of the
disclosure;

FIGs. 9, 10, and 11 illustrate variations in the eccentricity determination period of a
vessel placed on each working coil and the output power of each working coil when a
first working coil of an induction heating device is linearly driven, and a second
working coil of the induction heating device is duty-driven, according to an em-
bodiment of the disclosure;

FIGs. 12, 13, and 14 illustrate variations in the eccentricity determination period of a
vessel placed on each working coil and the output power of each working coil when a
first working coil of an induction heating device is duty-driven, an on-time of the first
working coil is larger than 1/2 of a driving period, and a second working coil of the
induction heating device is duty-driven, according to an embodiment of the disclosure;

FIGs. 15, 16, and 17 illustrate variations in the eccentricity determination period of a
vessel placed on each working coil and the output power of each working coil when a
first working coil of an induction heating device is duty-driven, an on-time of the first
working coil is smaller than 1/2 of a driving period, and a second working coil of the
induction heating device is duty-driven, according to an embodiment of the disclosure;

FIGs. 18, 19, and 20 illustrate variations in the eccentricity determination period of a
vessel placed on each working coil and the output power of each working coil when a
first working coil of an induction heating device is duty-driven, an on-time of the first
working coil is equal to 1/2 of a driving period, and a second working coil of the
induction heating device is duty-driven, according to an embodiment of the disclosure;
and

FIG. 21 is a flowchart illustrating a method of controlling an induction heating

device according to an embodiment of the disclosure.
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Mode for the Invention

The foregoing objectives, features, and advantages are described below in detail with
reference to the accompanying drawings so that the technical spirit of the disclosure
may easily be achieved by one of ordinary skill in the art to which the invention
pertains. When determined to make the subject matter of the disclosure unclear, the
detailed description of the known art or functions may be skipped. Hereinafter,
preferred embodiments of the disclosure are described in detail with reference to the
accompanying drawings. The same reference denotations are used to refer to the same
or similar elements throughout the drawings.

FIG. 7 illustrates a configuration of an induction heating device according to an em-
bodiment of the disclosure.

Referring to FIG. 7, according to an embodiment of the disclosure, an induction
heating device 2 includes a rectifying circuit 204, a smoothing circuit L, C1, a first
working coil WC1, a second working coil WC2, inverter circuits, a control circuit 20,
and a driving circuit 21.

The induction heating device 2 is driven by power supplied from an input power
source 202. The rectifying circuit 204 rectifies an alternating current (AC) input
voltage supplied from the input power source 202 and outputs a pulse waveform of
voltage.

The smoothing circuit L, C1 smooths the voltage rectified by the rectifying circuit
204 and outputs a direct current (DC) link voltage. The smoothing circuit L, C1
includes an inductor L. and a DC link capacitor CI.

The inverter circuits converts the DC link voltage output from the smoothing circuit
L, CI into an AC voltage for driving each working coil WCI and WC2. A first inverter
circuit includes a first capacitor C2, a second capacitor C3, a first switching element
SW1, and a second switching element SW2. A second inverter circuit includes a third
capacitor C4, a fourth capacitor C5, a third switching element SW3, and a fourth
switching element SW4.

The first switching element SW1 and the second switching element SW2 are al-
ternately turned on/off by a first inverter driving signal S1 and a second inverter
driving signal S2 output from the driving circuit 21. The third switching element SW3
and the fourth switching element SW4 are alternately turned on/off by a third inverter
driving signal S3 and a fourth inverter driving signal S4 output from the driving circuit
21.

The first inverter driving signal S1, the second inverter driving signal S2, the third
inverter driving signal S3, and the fourth inverter driving signal S4 each are a pulse

width modulation (PWM) signal with a predetermined duty cycle. If the first inverter
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driving signal S1 and the second inverter driving signal S2 are applied to the first
switching element SW1 and the second switching element SW2, respectively, the first
switching element SW1 and the second switching element SW2 are alternately turned
on/off so that the DC link voltage is converted into an AC voltage. If the third inverter
driving signal S3 and the fourth inverter driving signal S4 are applied to the third
switching element SW3 and the fourth switching element SW4, respectively, the third
switching element SW3 and the fourth switching element SW4 are alternately turned
on/off so that the DC link voltage is converted into an AC voltage.

The AC voltages output from the inverter circuits are applied to the working cols
WC1 and WC2. If the AC voltages are applied, the working coils WCI and WC2 are
driven. If the working coils WC1 and WC2 are driven, eddy currents flow through the
vessels placed on the working coils WC1 and WC2, thereby heating the vessels. When
the working coils WC1 and WC2 are driven, the magnitude of thermal energy supplied
to the vessels is varied depending on the magnitude of power produced by the working
coils WC1 and WC2, i.e., the output power values of the working coils.

The control circuit 20 determines the respective driving frequencies of the inverter
circuits and supplies control signals corresponding to the determined driving fre-
quencies to the driving circuit 21. The driving circuit 21 outputs inverter driving
signals S1 to S4 with duty cycles corresponding to the driving frequencies determined
by the control circuit 20.

The user places vessels on the working coils WC1 and WC2 of the induction heating
device and sets heating levels for the vessels, thereby issuing heating start commands
to the working coils WC1 and WC2. If the user issues the heating start commands,
output power values required for the working coils WCI1 and WC2, i.e., required
power values, are determined depending on the heating levels set by the user.

Receiving the user's heating start commands, the control circuit 20 sets driving fre-
quencies corresponding to the required power values and supplies control signals cor-
responding to the set driving {requencies to the driving circuit 21. Thus, the inverter
driving signals S1 to S4 are output from the driving circuit 21 so that the working coils
WC1 and WC2 are driven. As the working coils WC1 and WC2 are driven, the vessels
placed by the user are heated.

If the user's heating commands are input, the control circuit 20 drives each working
coil WC1 and WC2 based on a predetermined driving period T.

The control circuit 20 determines a driving scheme (e.g., linear driving or duty
driving) and duty cycle for each working coil WCI1 and WC2 based on the required
power value for each working coil WC1 and WC2 set by the user's heating commands.
For example, if the required power value for each working coil WC1 and WC2 is a

predetermined reference power value (e.g., SO0W) or more, the working coil is linearly
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driven. For example, if the required power value for the first working coil is de-
termined to be 1,000W, the first working coil is linearly driven to continuously deliver
a power of 1,000W as shown in FIG. 2.

In contrast, if the required power value for the working coil is less than the reference
power value, the working coil is duty-driven. For example, if the required power value
for the first working coil is determined to be 400W, the first working coil is driven
while repeating its on and off states based on the duty cycle corresponding to the
required power value as shown in FIG. 3.

If the driving scheme of each working coil WC1 and WC?2 is determined to be a duty
driving scheme, the duty cycle of each working coil WCI1 and WC2 may be set to
differ depending on the required power value. As the required power value increases, a
larger duty cycle is set, and a longer on-time is set for the working coil.

When the working coils WC1 and WC?2 are driven, the control circuit 20 obtains an
input voltage measured by a voltage sensor 22 and an input current measured by a
current sensor 23. The control circuit 20 may calculate the magnitude of power
supplied to the working coils WC1 and WC2, i.e., input power values of the working
coils WCI1 and WC2, based on the obtained input voltage and input current.

The control circuit 20 may compare the calculated input power value of each
working coil WCI and WC2 with a predetermined reference value, thereby de-
termining the eccentricity of the vessel placed on each working coil WCI1 and WC2.
For example, if the input power value measured while the first working coil WCl is
driven is larger than the reference value, the control circuit 20 may determine that the
vessel placed on the first working coil WC1 is in eccentricity.

According to an embodiment, the control circuit 20 may compare the input current
measured by the current sensor 23 with a predetermined reference value, thereby de-
termining the eccentricity of the vessel placed on each working coil WCI1 and WC2.
For example, if the input current value measured while the first working coil WCl is
driven is larger than the reference value, the control circuit 20 may determine that the
vessel placed on the first working coil WC1 is in eccentricity.

The control circuit 20 temporarily stops driving the other working coil than the
working coil which is the target for determining the eccentricity of the vessel. For
example, the control circuit 20 temporarily stops driving the second working coil WC2
at the time of determining the eccentricity of the vessel placed on the first working coil
WCI.

Described below is an example driving process of an induction heating device
according to the user's input of heating commands. Although an embodiment is
described below in which a vessel is placed on each of the first working coil WCI1 and

the second working coil WC2 of the induction heating device, and heating commands
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are then input, the method of controlling an induction heating device may also apply to
induction heating devices with three or more working coils according to an em-
bodiment of the disclosure.

If the user sets a heating level for the vessel placed on each of the first working coil
WC1 and the second working coil WC2 through a control panel of the induction
heating device, a heating command for each of the first working coil WC1 and the
second working coil WC2 is input.

The control circuit 20 determines a required power value corresponding to the
heating level which the user has set for each working coil. The control circuit 20 de-
termines that the driving scheme of each working coil is a linear driving scheme or
duty driving scheme according to the required power value of each working coil. If the
required power value is a reference power value or more, the driving scheme of the
working coil is determined to be a linear driving scheme and, if the required power
value is smaller than the reference power value, the driving scheme of the working coil
is determined to be a duty driving scheme.

If the driving scheme of the working coil is determined to be a duty driving scheme,
the control circuit 20 determines the duty cycle of the working coil, i.e., the on-time
and off-time of the working coil during a predetermined driving period T, according to
the required power value of the working coil. As the required power value increases, a
larger duty cycle is set, and a longer on-time is set for the working coil.

The control circuit 20 starts a driving start time of each working coil based on the de-
termined driving scheme of each working coil and the predetermined driving period T.
The control circuit 20 determines the eccentricity determination period of each
working coil based on the driving scheme of each working coil, driving period T, and
the duty cycle of each working coil.

Now described with reference to FIGs. 8 to 20 are embodiments in which the control
circuit 20 sets the driving start time and eccentricity determination period of each
working coil according to the driving scheme and duty cycle of each working coil.

FIG. 8 illustrates variations in the eccentricity determination period of a vessel placed
on each working coil and the output power of each working coil when a first working
coil of an induction heating device is linearly driven, and a second working coil of the
induction heating device is linearly driven, according to an embodiment of the
disclosure.

According to an embodiment of the disclosure, if the driving schemes of the first
working coil WCI and the second working coil WC?2 are both determined to be a
linear driving scheme, the driving start time of the first working coil WCl1 is set to be
identical to a predetermined driving period T, and the driving start time of the second

working coil WC2 is set to be identical to 1/2 of the driving period T.
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If the driving schemes of the first working coil WC1 and the second working coil
WC2 are both determined to be a linear driving scheme as shown in FIG. 8§, the ec-
centricity determination period DA of the first working coil WCI1 is set to be identical
to 1/2 of the driving period T, and the eccentricity determination period DB of the
second working coil WC2 is set to be identical to the driving period T.

The control circuit 20 drives the first working coil WCI and the second working coil
WC2 based on the determined driving start times and eccentricity determination
periods. As shown in FIG. 8, the second working coil WC2 temporarily stops running
at the eccentricity determination times DA and 2DA of the vessel placed on the first
working coil WCI (812 and 814), and the first working coil WC1 temporarily stops
running at the eccentricity determination times DB and 2DB of the vessel placed on the
second working coil WC2 (802 and 804).

FIGs. 9, 10, and 11 illustrates variations in the eccentricity determination period of a
vessel placed on each working coil and the output power of each working coil when a
first working coil of an induction heating device is linearly driven, and a second
working coil of the induction heating device is duty-driven, according to an em-
bodiment of the disclosure.

In the embodiments of FIGs. 9, 10, and 11, the first working coil WCl is linearly
driven. In the embodiments of FIGs. 9, 10, and 11, the second working coil WC?2 is
duty-driven based on different duty cycles. In the embodiment of FIG. 9, the on-time
of the second working coil WC2 is set to be smaller than 1/2 of the driving period T. In
the embodiment of FIG. 10, the on-time of the second working coil WC2 is set to be
identical to 1/2 of the driving period T. In the embodiment of FIG. 11, the on-time of
the second working coil WC2 is set to be larger than 1/2 of the driving period T.

According to an embodiment of the disclosure, if the first working coil WCl is
linearly driven, and the second working coil WC2 is duty-driven, the driving start time
of the first working coil WCl is set to be identical to the driving period P, and the
driving start time of the second working coil WC2 is set to be identical to the driving
period T less the on-time of the second working coil.

If the first working coil WCl is linearly driven, and the second working coil WC2 is
duty-driven as shown in FIGs. 9 to 11, the eccentricity determination period DA of the
first working coil WCl is set to be identical to 1/2 of the off-time of the second
working coil, and the eccentricity determination period DB of the second working coil
WC2 is set to be identical to 1/2 of the on-time of the second working coil WC2.

The control circuit 20 drives the first working coil WCI and the second working coil
WC2 based on the determined driving start times and eccentricity determination
periods. As shown in FIGs. 9 to 11, the first working coil WCI temporarily stops

running at the eccentricity determination times DB and 2DB of the vessel placed on the
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second working coil WC2 (902, 904, 1002, 1004, 1102, and 1104).

Since the eccentricity determination times DA and 2DA of the first working coil
WC both are set to fall within the off-time of the second working coil WC2 as shown
in FIGs. 9, 10, and 11, the second working coil WC?2 is prevented from forced stop
when the eccentricity of the vessel placed on the first working coil WC1 is determined.
Thus, power supply by the second working coil WC2 may be performed stably.

FIGs. 12, 13, and 14 illustrate variations in the eccentricity determination period of a
vessel placed on each working coil and the output power of each working coil when a
first working coil of an induction heating device is duty-driven, an on-time of the first
working coil is larger than 1/2 of a driving period, and a second working coil of the
induction heating device is duty-driven, according to an embodiment of the disclosure.

In the embodiments of FIGs. 12, 13, and 14, the first working coil WC1 and the
second working coil WC2 both are duty-driven.

In the embodiments of FIGs. 12, 13, and 14, the on-time of the first working coil
WC is set to be larger than 1/2 of the driving period T.

In the embodiment of FIG. 12, the on-time of the second working coil WC2 is set to
be smaller than 1/2 of the driving period T. In the embodiment of FIG. 13, the on-time
of the second working coil WC2 is set to be identical to 1/2 of the driving period T. In
the embodiment of FIG. 14, the on-time of the second working coil WC2 is set to be
larger than 1/2 of the driving period T.

According to an embodiment of the disclosure, if the driving schemes of the first
working coil WCI and the second working coil WC2 are both determined to be a duty
driving scheme, the driving start time of the first working coil WCl1 is set to be
identical to the driving period P, and the driving start time of the second working coil
WC2 is set to be identical to the driving period T less the on-time of the second
working coil WC2.

If the on-time of the first working coil WCl is larger than 1/2 of the driving period T,
and the on-time of the second working coil WC2 is smaller than 1/2 of the driving
period T as shown in FIG. 12, the eccentricity determination period DA of the first
working coil WCl is set to be identical to 1/2 of the on-time of the first working coil
WC, and the eccentricity determination period DB of the second working coil WC2 is
set to be identical to 1/2 of the on-time of the second working coil WC2.

If the on-time of the first working coil WCl is larger than 1/2 of the driving period T,
and the on-time of the second working coil WC2 is equal or larger than 1/2 of the
driving period T as shown in FIGs. 13 and 14, the eccentricity determination period
DA of the first working coil WCl is set to be identical to 1/2 of the off-time of the
second working coil WC2, and the eccentricity determination period DB of the second

working coil WC2 is set to be identical to 1/2 of the off-time of the first working coil
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[99] The control circuit 20 drives the first working coil WCI and the second working coil
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WC2 based on the determined driving start times and eccentricity determination
periods. Since the eccentricity determination times DA and 2DA of the first working
coil WC1 both are set to fall within the off-time of the second working coil WC2 as
shown in FIGs. 12, 13, and 14, the second working coil WC2 is prevented from forced
stop when the eccentricity of the vessel placed on the first working coil WCl is de-
termined. Since the eccentricity determination times DB and 2DB of the second
working coil WC2 both are set to fall within the off-time of the first working coil
WC, the first working coil WCl1 is prevented from forced stop when the eccentricity
of the vessel placed on the second working coil WC2 is determined.

Thus, power supply by the first working coil WC1 and the second working coil WC2
may be performed stably.

FIGs. 15, 16, and 17 illustrate variations in the eccentricity determination period of a
vessel placed on each working coil and the output power of each working coil when a
first working coil of an induction heating device is duty-driven, an on-time of the first
working coil is smaller than 1/2 of a driving period, and a second working coil of the
induction heating device is duty-driven, according to an embodiment of the disclosure.

In the embodiments of FIGs. 15, 16, and 17, the on-time of the first working coil
WCl is set to be smaller than 1/2 of the driving period T.

In the embodiment of FIG. 15, the on-time of the second working coil WC2 is set to
be smaller than 1/2 of the driving period T. In the embodiment of FIG. 16, the on-time
of the second working coil WC2 is set to be identical to 1/2 of the driving period T. In
the embodiment of FIG. 17, the on-time of the second working coil WC2 is set to be
larger than 1/2 of the driving period T.

According to an embodiment of the disclosure, if the driving schemes of the first
working coil WCI and the second working coil WC2 are both determined to be a duty
driving scheme, the driving start time of the first working coil WCl1 is set to be
identical to the driving period P, and the driving start time of the second working coil
WC2 is set to be identical to the driving period T less the on-time of the second
working coil WC2.

If the on-time of the first working coil WCl is smaller than 1/2 of the driving period
T as shown in FIGs. 15, 16, and 17, the eccentricity determination period DA of the
first working coil WCl is set to be identical to 1/2 of the on-time of the first working
coil WCl1, and the eccentricity determination period DB of the second working coil
WC2 is set to be identical to 1/2 of the on-time of the second working coil WC2 re-
gardless of the on-time of the second working coil WC2.

The control circuit 20 drives the first working coil WCI and the second working coil
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WC2 based on the determined driving start times and eccentricity determination
periods. Since the eccentricity determination times DA and 2DA of the first working
coil WC1 both are set to fall within the off-time of the second working coil WC2 as
shown in FIGs. 15, 16, and 17, the second working coil WC2 is prevented from forced
stop when the eccentricity of the vessel placed on the first working coil WCl is de-
termined. Since the eccentricity determination times DB and 2DB of the second
working coil WC2 both are set to fall within the off-time of the first working coil
WC, the first working coil WCl1 is prevented from forced stop when the eccentricity
of the vessel placed on the second working coil WC2 is determined.

Thus, power supply by the first working coil WC1 and the second working coil WC2
may be performed stably.

FIGs. 18, 19, and 20 illustrate variations in the eccentricity determination period of a
vessel placed on each working coil and the output power of each working coil when a
first working coil of an induction heating device is duty-driven, an on-time of the first
working coil is equal to 1/2 of a driving period, and a second working coil of the
induction heating device is duty-driven, according to an embodiment of the disclosure.

In the embodiments of FIGs. 18, 19, and 20, the first working coil WC1 and the
second working coil WC2 both are duty-driven.

In the embodiments of FIGs. 18, 19, and 20, the on-time of the first working coil
WCl is set to be identical to 1/2 of the driving period T.

In the embodiment of FIG. 18, the on-time of the second working coil WC2 is set to
be smaller than 1/2 of the driving period T. In the embodiment of FIG. 19, the on-time
of the second working coil WC2 is set to be identical to 1/2 of the driving period T. In
the embodiment of FIG. 20, the on-time of the second working coil WC2 is set to be
larger than 1/2 of the driving period T.

According to an embodiment of the disclosure, if the driving schemes of the first
working coil WCI and the second working coil WC2 are both determined to be a duty
driving scheme, the driving start time of the first working coil WCl1 is set to be
identical to the driving period P, and the driving start time of the second working coil
WC2 is set to be identical to the driving period T less the on-time of the second
working coil WC2.

If the on-time of the first working coil WCl is equal to 1/2 of the driving period T,
and the on-time of the second working coil WC2 is equal or smaller than 1/2 of the
driving period T as shown in FIGs. 18 and 19, the eccentricity determination period
DA of the first working coil WCl is set to be identical to 1/2 of the on-time of the first
working coil WCI, and the eccentricity determination period DB of the second
working coil WC2 is set to be identical to 1/2 of the on-time of the second working
coil WC2.
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If the on-time of the first working coil WCl is equal to 1/2 of the driving period T,
and the on-time of the second working coil WC2 is larger than 1/2 of the driving
period T as shown in FIG. 20, the eccentricity determination period DA of the first
working coil WCl is set to be identical to 1/2 of the off-time of the second working
coil WC2, and the eccentricity determination period DB of the second working coil
WC2 is set to be identical to 1/2 of the off-time of the first working coil WCI.

The control circuit 20 drives the first working coil WCI and the second working coil
WC2 based on the determined driving start times and eccentricity determination
periods. Since the eccentricity determination times DA and 2DA of the first working
coil WC1 both are set to fall within the off-time of the second working coil WC2 as
shown in FIGs. 18, 19, and 20, the second working coil WC2 is prevented from forced
stop when the eccentricity of the vessel placed on the first working coil WCl is de-
termined. Since the eccentricity determination times DB and 2DB of the second
working coil WC2 both are set to fall within the off-time of the first working coil
WC, the first working coil WCl1 is prevented from forced stop when the eccentricity
of the vessel placed on the second working coil WC2 is determined.

Thus, power supply by the first working coil WC1 and the second working coil WC2
may be performed stably.

As described above in connection with the embodiments of FIGs. 8 to 20, if the
driving start time and eccentricity determination time of each of the first working coil
WC1 and the second working coil WC2 are determined, the control circuit 20 drives
each of the first working coil WC1 and the second working coil WC2 according to the
determined driving scheme and driving start time of each working coil.

Thereafter, the control circuit 20 determines the eccentricity of the vessel placed on
each working coil according to the prior-determined eccentricity determination time of
each working coil. In other words, the control circuit 20 determines the eccentricity of
the vessel placed on the first working coil WCI1 at each eccentricity determination time
DA and 2DA of the first working coil WCI and determines the eccentricity of the
vessel placed on the second working coil WC2 at each eccentricity determination time
DB and 2DB of the second working coil WC2.

If the respective driving start times and eccentricity determination times of the first
working coil WCI and the second working coil WC2 are determined as set forth above
in connection with the embodiments of FIGs. 8§ to 20, the eccentricity determination
time of the first working coil WC1 and the eccentricity determination time of the
second working coil WC2 do not overlap each other and, thus, such an occasion may
be avoided where determination of eccentricity is rendered impossible due to an
overlap between eccentricity determination times. Further, upon determining the ec-

centricity of the vessel placed on each working coil, the other working coil is
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prevented from forced stop, and this ensures stable supply of power to each working
coil.

FIG. 21 is a flowchart illustrating a method of controlling an induction heating
device according to an embodiment of the disclosure.

Referring to FIG. 21, according to an embodiment of the disclosure, a control circuit
20 of an induction heating device 2 determines a driving scheme and duty cycle of a
first working coil WC1 according to a required power value for the first working coil
WCI1 (2102). The control circuit 20 determines a driving scheme and duty cycle of a
second working coil WC2 according to a required power value for the second working
coill WC2 (2104).

According to an embodiment of the disclosure, if the required power value for the
working coil is a predetermined reference power value, the driving scheme of the
working coil is determined to be a linear driving scheme and, if the required power
value for the working coil is less than the predetermined reference power value, the
driving scheme of the working coil is determined to be a duty driving scheme.

According to an embodiment of the disclosure, if the driving scheme of the working
coil is a linear driving scheme, the duty cycle of the working coil is determined to be
100%. If the driving scheme of the working coil is a duty driving scheme, the duty
cycle of the working coil is determined to differ depending on the required power
value for the working coil.

The control circuit 20 determines the driving start time of the first working coil WCl1
and the driving start time of the second working coil WC2 based on the driving scheme
of the first working coil WCl1, the driving scheme of the second working coil WC2,
and a predetermined driving period T.

Then, the control circuit 20 determines the eccentricity determination period of the
first working coil WCI and the eccentricity determination period of the second
working coil WC2 based on the driving scheme of the first working coil WC1, the
driving scheme of the second working coil WC2, the duty cycle of the first working
coil WCl1, and the duty cycle of the second working coil WC2.

According to an embodiment of the disclosure, the driving start time and eccentricity
determination period of each working coil may also be determined as in the em-
bodiments described above in connection with FIGs. § to 20.

The control circuit 20 drives each of the first working coil WC1 and the second
working coil WC2 at the determined driving scheme and driving start time (2110).

The control circuit 20 determines the eccentricity of the vessel placed on the first
working coil WCI according to the eccentricity determination period of the first
working coil WCI (2112). The control circuit 20 determines the eccentricity of the

vessel placed on the second working coil WC2 according to the eccentricity deter-
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mination period of the second working coil WC2 (2114).

The disclosure may prevent such an occasion that determination of eccentricity is
rendered impossible as the respective eccentricity determination periods of working
coils are set to be identical to each other in an induction heating device with the two or
more working coils.

Upon determining the eccentricity of a vessel placed on any one of two or more
working coils included in an induction heating device, the disclosure may prevent a
lowering of output power of the other working coils, thereby enabling more stable
supply of power.

Various changes in form or detail may be made to the disclosure by one of ordinary
skill in the art without departing from the scope of the disclosure, and the disclosure is

not limited to the above-described embodiments and the accompanying drawings.
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Claims

A method of controlling an induction heating device, the method
comprising:

determining a driving scheme and duty cycle of a first working coil
according to a required power value for the first working coil;
determining a driving scheme and duty cycle of a second working coil
according to a required power value for the second working coil;
determining a driving start time of the first working coil and a driving
start time of the second working coil based on the driving scheme of
the first working coil, the driving scheme of the second working coil,
and a predetermined driving period;

determining an eccentricity determination period of the first working
coil and an eccentricity determination period of the second working
coil based on the driving scheme of the first working coil, the driving
scheme of the second working coil, the driving period, the duty cycle of
the first working coil, and the duty cycle of the second working coil;
driving each of the first working coil and the second working coil
according to the driving scheme and the driving start times;
determining eccentricity of a vessel placed on the first working coil
according to the eccentricity determination period of the first working
coil; and

determining eccentricity of a vessel placed on the second working coil
according to the eccentricity determination period of the second
working coil.

The method of claim 1, wherein if the required power values are a pre-
determined reference power value, the driving scheme is determined to
be a linear driving scheme and, if the required power values are less
than the predetermined reference power value, the driving scheme is
determined to be a duty driving scheme.

The method of claim 1, wherein if a driving scheme of the first working
coil is a linear driving scheme, and a driving scheme of the second
working coil is a linear driving scheme, the driving start time of the
first working coil is set to be identical to the driving period, and the
driving start time of the second working coil is set to be identical to 1/2
of the driving period.

The method of claim 1, wherein if a driving scheme of the first working

coil is a linear driving scheme, and a driving scheme of the second
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working coil is a linear driving scheme, the eccentricity determination
period of the first working coil is set to be identical to 1/2 of the driving
period, and the eccentricity determination period of the second working
coil is set to identical to the driving period.

The method of claim 1, wherein if a driving scheme of the first working
coil is a linear driving scheme, and a driving scheme of the second
working coil is a duty driving scheme, the driving start time of the first
working coil is set to be identical to the driving period, and the driving
start time of the second working coil is set to be identical to the driving
period less an on-time of the second working coil.

The method of claim 1, wherein if a driving scheme of the first working
coil is a linear driving scheme, and a driving scheme of the second
working coil is a duty driving scheme, the eccentricity determination
period of the first working coil is set to be identical to 1/2 of an off-
time of the second working coil, and the eccentricity determination
period of the second working coil is set to identical to 1/2 of an on-time
of the second working coil.

The method of claim 1, wherein if a driving scheme of the first working
coil is a duty driving scheme, and a driving scheme of the second
working coil is a duty driving scheme, the driving start time of the first
working coil is set to be identical to the driving period, and the driving
start time of the second working coil is set to be identical to the driving
period less an on-time of the second working coil.

The method of claim 1, wherein if a driving scheme of the first working
coil is a duty driving scheme, and a driving scheme of the second
working coil is a duty driving scheme, the eccentricity determination
period of the first working coil and the eccentricity determination
period of the second working coil are set to differ depending on an on-
time of the first working coil and an on-time of the second working
coil.

The method of claim 8, wherein if the on-time of the first working coil
is larger than 1/2 of the driving period, and the on-time of the second
working coil is equal or larger than 1/2 of the driving period, the ec-
centricity determination period of the first working coil is set to be
identical to 1/2 of an off-time of the second working coil, and the ec-
centricity determination period of the second working coil is set to be
identical to an off-time of the first working coil.

The method of claim 8, wherein if the on-time of the first working coil
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is larger than 1/2 of the driving period, and the on-time of the second
working coil is smaller than 1/2 of the driving period, the eccentricity
determination period of the first working coil is set to be identical to
172 of the on-time of the first working coil, and the eccentricity deter-
mination period of the second working coil is set to be identical to 1/2
of the on-time of the second working coil.

The method of claim 8, wherein if the on-time of the first working coil
is smaller than 1/2 of the driving period, the eccentricity determination
period of the first working coil is set to be identical to 1/2 of the on-
time of the first working coil, and the eccentricity determination period
of the second working coil is set to be identical to 1/2 of the on-time of
the second working coil.

The method of claim 8, wherein if the on-time of the first working coil
is equal to 1/2 of the driving period, and the on-time of the second
working coil is equal or smaller than 1/2 of the driving period, the ec-
centricity determination period of the first working coil is set to be
identical to 1/2 of the on-time of the first working coil, and the ec-
centricity determination period of the second working coil is set to be
identical to 1/2 of the on-time of the second working coil.

The method of claim 8, wherein if the on-time of the first working coil
is equal to 1/2 of the driving period, and the on-time of the second
working coil is larger than 1/2 of the driving period, the eccentricity de-
termination period of the first working coil is set to be identical to 1/2
of an off-time of the second working coil, and the eccentricity deter-
mination period of the second working coil is set to be identical to 1/2

of an off-time of the first working coil.
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[Fig. 18]
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Determine driving scheme and duty cycle of first working coil
according to required power value for first working coil

[Fig. 21]
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