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Description

[0001] The present invention relates to a control meth-
od for reducing the noise generated at the base of the
cooking vessel during the heating in the induction heating
cookers.
[0002] In induction heating systems, which are widely
used in cooking devices, by means of the magnetic field
generated by the current passing through the induction
coil, voltage is inducted at the base of the pot and current
is passed through the base of the pot, thus the Eddy
current begins to flow on the surface of the heated metal
and heating is provided. Heating occurs on the surface
where the current passing through the base of the pot
passes. By means of the heating, a high temperature
difference occurs between the heated area and the re-
gions farther away, and minor expansions and contrac-
tions at high frequency are observed with the current flow-
ing rapidly. Moreover, pushing and pulling movements
occur due to the magnetic flux generated by the current
passing through the base. Since the current passing
through the base of the pot is at very high levels (400-600
A), the temperature at the penetration depth of the mag-
netic field at the base of the pot increases very rapidly,
and due to these expansion-contraction movements be-
tween the lamellae on the base of the pan, sounds begin
to be generated. The harder and more irregular these
movements and the warming characteristics are, the
more undesirable noise will be generated accordingly.
The current passing through the induction coil is control-
led by using the power switching element. Therefore, the
variation of the fill factor and frequency of the signal ap-
plied to the switching element directly affects the sound
emitted from the heated pot. In other words, the tolerance
of the switching applied by the microprocessor in induc-
tion cookers using microprocessor and of the elements
which form the clock frequency used in the switching di-
rectly affects said sound unwanted by the user. Espe-
cially when the modulation signals (pwm) are monitored,
irregularities and flickers in the frequency become evi-
dent. It is observed that the current passing through the
base of the pot provides heating at a very thin layer on
the surface of the base of the pot and hence a high degree
of temperature difference occurs between the heated
surface and the cold intermediate layer. Minor expan-
sions and contractions occur with the current flowing at
high frequency, which cause push and pull movements
with the effect of magnetic flux. This physical situation is
reflected to the user as some unwanted sounds coming
from the base of the pot. This type of unwanted sounds
reduces user satisfaction and quality perception. The
state of the art solutions often required very expensive
hardware changes.
[0003] In the state of the art European Patent Applica-
tion No. EP2339755A1, a balancing method is disclosed,
which proposes a reverse feeding solution for calculating
phase difference by sequential sampling from modula-
tion signals and comparing and regulating frequency

flicker.
[0004] In the state of the art USA Patent Application
No. US2020003560A1, noise reduction by means of a
digital circuit having a system comprising an analog to
digital converter, demodulator, filter and phase-locked
loop is disclosed.
[0005] The aim of the present invention is the realiza-
tion of a control method which is suitable for use in in-
duction cookers wherein two separate clock generators
are periodically controlled so as to prevent frequency
shifts and distortions.
[0006] The control method realized in order to attain
the aim of the present invention, explicated in the claims,
is suitable to be used in induction heating cookers com-
prising a first clock generator which works at high speed
and which determines the main clock frequency; a sec-
ond clock generator which works in real time; at least one
amplifier module which enables the system to drive the
signal from the first clock generator at higher frequencies;
at least one modulation signal generator comprising at
least one counter which separately counts the periods of
the signal from the amplifier module and the signal from
the second clock generator and a comparator which com-
pares the counter values; at least one power switch which
receives the signals passing through the modulation sig-
nal generator and which enables power switching; and
a control unit which controls the clock generator, the am-
plifier module and the modulation signal generator, the
control method being executed by the control unit. It is
known that the sensitivity of the period of the high-speed
first clock generator is low while the period of the second
clock generator working in real time is high. The control
method first realizes the step of generating an electrical
signal at the first clock generator at the main clock fre-
quency and transmitting the same to the amplifier mod-
ule. Afterwards, an electrical signal at a frequency lower
than the main clock frequency is generated at the second
clock generator and transmitted to the modulation signal
generator. The frequency of the incoming signal at the
main clock frequency is increased in the amplifier module
and transmitted to the modulation signal generator. A
database is created for the differences in the period by
increasing the value of the counter in each period of the
signal coming from both the amplifier module and the
second clock generator up to a value determined by the
producer. At the same time, the signal from the amplifier
module is transmitted to the power switch. Afterwards,
the counter values of the low and high frequency signals
entering the modulation signal generator during the time
the counter performs the counting process are compared
by the comparator, and thus, high and low sensitivity
clock generators are compared in a way. By means of
the step of entering the period difference calculated as
a result of the comparison of the counters to the modu-
lation signal generator by feedback, and driving the mod-
ulation signal with the corrected frequency, the drift and
deviations in the frequency related to the first clock gen-
erator can be minimized. Since, as the last step, the ir-
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regular movements in the frequency are eliminated by
transferring the modulation signals corrected as a result
of the feedback from the modulation signal generator to
the power switch, undesirable noises coming from the
pots on the induction cookers are also greatly reduced.
[0007] In another embodiment of the present invention,
the control method comprises the step of connecting the
first and second clock generators to the system internally
or externally. Thus, a clock generator in the microcon-
troller can be used and an addition can be made from
outside the microprocessor by means of an external con-
nection. Consequently, this feature can be provided by
inner or outer hardware.
[0008] In an embodiment of the present invention, the
control method comprises the step of connecting at least
two comparators to at least one counter. By sending the
counter values to different comparators, the period con-
trol can be made in a more sensitive manner as a result
of different combinations, and frequency deviations are
better improved.
[0009] Another embodiment of the present invention
is an induction heating cooker suitable to be used with
the above-described control method. Especially by
means of transmitting the corrected signal to the power
switch, the performance of the induction heating cooker
system can be improved.
[0010] By means of the control method of the present
invention, two separate clock generators in the induction
heating cookers are periodically controlled, and frequen-
cy shifts in the induction heating cookers are prevented.
[0011] The control method is suitable to be used in
induction heating cookers comprising a first clock gen-
erator which works at high speed and which determines
the main clock frequency; a second clock generator
which works in real time; at least one amplifier module
which enables the system to drive the signal from the
first clock generator at higher frequencies; at least one
modulation signal generator comprising at least one
counter which separately counts the periods of the signal
from the amplifier module and the signal from the second
clock generator and a comparator which compares the
counter values; at least one power switch which receives
the signals passing through the modulation signal gen-
erator and which enables power switching; and a control
unit which controls the clock generator, the amplifier
module and the modulation signal generator, the control
method being executed by the control unit. It is known
that the sensitivity of the period of the high-speed first
clock generator is low while the period of the second clock
generator working in real time is high. In general, the
clock generators can be a crystal resonator or an internal
generator. As the amplifier module, a low cost digital com-
ponent (FLL: frequency locked loop) with low sensitivity
or a high cost analog component (PLL: phase locked
loop) with high sensitivity can be used. By using the digital
amplifier module in the microprocessor considered as
the control unit, a better cost advantage is provided. The
modulation signal generator is considered as a unit which

generates the signal to which the pulse width modulation
(PWM) technique is applied. The modulation (PWM) sig-
nals generated by the modulation signal generator are
directly supplied to the power switch, thus providing a
type of power control. The control method first realizes
the step of generating an electrical signal at the first clock
generator at the main clock frequency and transmitting
the same to the amplifier module. Afterwards, an electri-
cal signal at a frequency lower than the main clock fre-
quency is generated at the second clock generator and
transmitted to the modulation signal generator. The fre-
quency of the incoming signal at the main clock frequency
is increased in the amplifier module and transmitted to
the modulation signal generator. A database is created
for the differences in the period by increasing the value
of the counter in each period of the signal coming from
both the amplifier module and the second clock generator
up to a value determined by the producer. At the same
time, the signal from the amplifier module is transmitted
to the power switch. Afterwards, the counter values of
the low and high frequency signals entering the modula-
tion signal generator during the time the counter performs
the counting process are compared by the comparator,
and thus, high and low sensitivity clock generators are
compared in a way. As the clock generator working at
low frequency generates signals with high sensitivity, the
period difference is lower related to the other clock gen-
erator. By means of the step of entering the period dif-
ference calculated as a result of the comparison of the
counters to the modulation signal generator by feedback,
and driving the modulation signal with the corrected fre-
quency, the drift and deviations in the frequency related
to the first clock generator can be minimized. For exam-
ple, if one counter value is 500 and the other is 450, the
value which drives the power switch according to the
counter connected to the low frequency clock generator
is normalized to eliminate the frequency shifts of the high-
speed clock generator. The resulting difference is cor-
rected by being supplied as input to the modulation signal
generator by the comparator. Since, as the last step, the
irregular movements in the frequency are eliminated by
transferring the modulation signals corrected as a result
of the feedback from the modulation signal generator to
the power switch, undesirable noises coming from the
pots on the induction cookers are also greatly reduced.
Thus, without requiring an additional component for fre-
quency shifts and flickers occurring at the bases of the
pots, a cost-effective feedback solution is offered.
[0012] In another embodiment of the present invention,
the control method comprises the step of connecting the
first and second clock generators to the system internally
or externally. Thus, a clock generator in the microcon-
troller can be used and an addition can be made from
outside the microprocessor by means of an external con-
nection. Consequently, this feature can be provided by
inner or outer hardware.
[0013] In an embodiment of the present invention, the
control method comprises the step of connecting at least
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two comparators to at least one counter. By sending the
counter values to different comparators, the period con-
trol can be made in a more sensitive manner as a result
of different combinations, and frequency deviations are
better improved.
[0014] Another embodiment of the present invention
is an induction heating cooker suitable to be used with
the above-described control method. Especially in the
induction heating cooker system, where smooth frequen-
cy transfer to the power switch is critical, a great improve-
ment is achieved.
[0015] By means of the control method of the present
invention, as a result of the periodic control of the sepa-
rate clock generators operating at high and low speed in
the induction heating cookers, the drifts and deviations
in frequency are significantly prevented.

Claims

1. A control method which is suitable to be used in in-
duction heating cookers comprising a first clock gen-
erator which works at high speed and which deter-
mines the main clock frequency; a second clock gen-
erator which works in real time; at least one amplifier
module which enables the system to drive the signal
from the first clock generator at higher frequencies;
at least one modulation signal generator comprising
at least one counter which separately counts the pe-
riods of the signal from the amplifier module and the
signal from the second clock generator and a com-
parator which compares the counter values; at least
one power switch which receives the signals passing
through the modulation signal generator and which
enables power switching; and a control unit which
controls the clock generator, the amplifier module
and the modulation signal generator, the control
method being executed by the control unit, charac-
terized by the steps, executed by the control unit, of

- generating an electrical signal at the first clock
generator at the main clock frequency and trans-
mitting the same to the amplifier module,
- generating an electrical signal at a frequency
lower than the main clock frequency at the sec-
ond clock generator and transmitting the same
to the modulation signal generator,
- amplifying the frequency of the incoming signal
in the amplifier module and transmitting the
same to the modulation signal generator,
- increasing the value of the counter in each pe-
riod of the signal coming from both the amplifier
module and the second clock generator up to a
value determined by the producer,
- transmitting simultaneously the signal from the
amplifier module to the power switch,
- comparing the counter values of the low and
high frequency signals entering the modulation

signal generator during the time the counter per-
forms the counting process by the comparator,
- entering the period difference calculated as a
result of the comparison to the modulation signal
generator by feedback, and driving the modula-
tion signal with the corrected frequency, and
- transferring the modulation signals corrected
as a result of the feedback from the modulation
signal generator to the power switch.

2. A control method as in Claim 1, characterized by
the step of connecting the first and second clock gen-
erators to the system internally or externally.

3. A control method as in Claim 1 or 2, characterized
by the steps of connecting at least two comparators
to at least one counter.

4. An induction heating cooker suitable to be used with
the methods described above.

Patentansprüche

1. Ein Steuerverfahren, das zur Verwendung in Induk-
tionsheizherden geeignet ist, umfasst einen ersten
Taktgenerator, der mit hoher Geschwindigkeit arbei-
tet und die Haupttaktfrequenz bestimmt; einen zwei-
ten Taktgenerator, der in Echtzeit arbeitet; mindes-
tens ein Verstärkermodul, das es dem System er-
möglicht, das Signal von dem ersten Taktgenerator
mit höheren Frequenzen zu treiben; mindestens ei-
nen Modulationssignalgenerator mit mindestens ei-
nem Zähler, der getrennt die Perioden des Signals
von dem Verstärkermodul und des Signals von dem
zweiten Taktgenerator zählt, und einem Kompara-
tor, der die Zählerwerte vergleicht; mindestens einen
Leistungsschalter, der die Signale empfängt, die
durch den Modulationssignalgenerator laufen, und
der Leistungsumschaltung ermöglicht; und eine
Steuereinheit, die den Taktgenerator, das Verstär-
kermodul und den Modulationssignalgenerator steu-
ert, wobei das Steuerverfahren von der Steuerein-
heit ausgeführt wird, gekennzeichnet ist es durch
die von der Steuereinheit ausgeführten Schritte von

- Erzeugen eines elektrischen Signals am ersten
Taktgenerator mit der Haupttaktfrequenz und
Übertragen desselben an das Verstärkermodul,
- Erzeugen eines elektrischen Signals mit einer
niedrigeren Frequenz als der Haupttaktfre-
quenz am zweiten Taktgenerator und Übertra-
gen desselben an den Modulationssignalgene-
rator,
- Verstärken der Frequenz des eingehenden Si-
gnals im Verstärkermodul und Übertragen des-
selben an den Modulationssignalgenerator,
- Erhöhen des Werts des Zählers in jeder Peri-
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ode des Signals, das sowohl vom Verstärker-
modul als auch vom zweiten Taktgenerator
kommt, bis zu einem vom Hersteller bestimmten
Wert,
- gleichzeitiges Übertragen des Signals vom
Verstärkermodul zum Leistungsschalter,
- Vergleichen der Zählerwerte der nieder- und
hochfrequenten Signale, die während der Zeit,
in der der Zähler den Zählvorgang durchführt,
in den Modulationssignalgenerator eintreten,
durch den Komparator,
- Eingeben der als Ergebnis des Vergleichs be-
rechneten Periodendifferenz in den Modulati-
onssignalgenerator durch Rückkopplung und
Treiben des Modulationssignals mit der korri-
gierten Frequenz, und
- Übertragen der durch die Rückkopplung korri-
gierten Modulationssignale vom Modulationssi-
gnalgenerator an den Leistungsschalter.

2. Ein Steuerverfahren, wie in Anspruch 1 aufgeführt,
ist dadurch gekennzeichnet, dass der Schritt des
Verbindens des ersten und des zweiten Taktgene-
rators mit dem System intern oder extern ist.

3. Ein Steuerverfahren, wie in Anspruch 1 oder 2 auf-
geführt, ist dadurch gekennzeichnet, dass die
Schritte des Verbindens von mindestens zwei Kom-
paratoren mit mindestens einem Zähler sind.

4. Ein Induktionsherd, der zur Verwendung mit den
oben beschriebenen Verfahren geeignet ist.

Revendications

1. Procédé de commande qui convient pour être utilisé
dans des cuisinières à chauffage par induction com-
prenant un premier générateur d’horloge qui fonc-
tionne à grande vitesse et qui détermine la fréquence
d’horloge principale ;au moins un module amplifica-
teur qui permet au système de piloter le signal du
premier générateur d’horloge à des fréquences plus
élevées ; au moins un générateur de signaux de mo-
dulation comprenant au moins un compteur qui
compte séparément les périodes du signal prove-
nant du module amplificateur et du signal provenant
du second générateur d’horloge et un comparateur
qui compare les valeurs des compteurs ; au moins
un commutateur de puissance qui reçoit les signaux
traversant le générateur de signaux de modulation
et qui permet la commutation de puissance ; et une
unité de commande qui commande le générateur
d’horloge, le module amplificateur et le générateur
de signaux de modulation, le procédé de commande
étant exécuté par l’unité de commande, caractérisé
par les étapes, exécutées par l’unité de commande,
de

- générer un signal électrique au niveau du pre-
mier générateur d’horloge à la fréquence d’hor-
loge principale et transmettre ce signal au mo-
dule amplificateur,
- générer un signal électrique à une fréquence
inférieure à la fréquence d’horloge principale au
niveau du second générateur d’horloge et trans-
mettre celui-ci au générateur de signal de mo-
dulation,
- l’amplification de la fréquence du signal entrant
dans le module amplificateur et la transmission
de celui-ci au générateur de signaux de modu-
lation,
- augmenter la valeur du compteur dans chaque
période du signal provenant à la fois du module
amplificateur et du second générateur d’horloge
jusqu’à une valeur déterminée par le produc-
teur,
- transmettre simultanément le signal du module
d’amplification à l’interrupteur d’alimentation,
- comparer les valeurs de compteur des signaux
de basse et haute fréquence entrant dans le gé-
nérateur de signaux de modulation pendant le
temps où le compteur exécute le processus de
comptage par le comparateur,
- l’entrée de la différence de période calculée à
la suite de la comparaison dans le générateur
de signaux de modulation par rétroaction, et la
commande du signal de modulation avec la fré-
quence corrigée, et
- transférer les signaux de modulation corrigés
à la suite de la rétroaction du générateur de si-
gnaux de modulation au commutateur de puis-
sance.

2. Procédé de commande selon la déclaration 1, ca-
ractérisé par l’étape consistant à connecter les pre-
mier et second générateurs d’horloge au système
de manière interne ou externe.

3. Procédé de commande selon la déclaration 1 ou 2,
caractérisé par les étapes consistant à connecter
au moins deux comparateurs à au moins un comp-
teur.

4. Une plaque chauffante à induction pouvant être uti-
lisée avec les méthodes décrites ci-dessus.

7 8 



EP 3 962 236 B1

6

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 2339755 A1 [0003] • US 2020003560 A1 [0004]


	bibliography
	description
	claims
	cited references

