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Description

[0001] The present invention relates to an induction
heating cooker comprising electronic components that
carry high current.

[0002] The induction heating cooker functions accord-
ing to the principle of heating a cast iron or steel ferro-
magnetic cooking container with the magnetic field effect
generated by the induction coil. In the state of the art, the
half bridge series resonant (HBSR) circuits realized by
using two power switches and two resonant capacitors,
and the single switch quasi resonant (SSQR) circuits re-
alized by one power switch and one resonant capacitor
are used for driving a single induction coil. The single
switch quasi resonant circuits (SSQR) are preferred due
to cost advantage however they function in narrower en-
ergy frequency range and can deliver power to the cook-
ing container only within a certain voltage and power
range. Peak currents pass through the power switch (1G-
BT-Insulated Gate Bipolar Transistor) on the circuit board
at the moment of vessel detection and at the moment of
initial energizing. Besides vessel detection and initial en-
ergizing, when heating operation is desired to be per-
formed at the low power level adjustment, that is called
light-load, the resonant capacitor cannot be fully dis-
charged and the power switch is subjected to peak cur-
rents when it starts conducting. The high amplitude peak
currents result in the power switch to be damaged in a
short time and the service life of the induction heating
cooker decreases.

[0003] In the United States Patent Application No.
US2010006563, an induction heating cooker according
to the preamble of claim 1 and an operating method is
explained.

[0004] In the article titled "Induction Cooking Systems
with Single Switch Inverter Using New driving Tech-
niques" published by the Zaragoza University, methods
are proposed thatrelate to decreasing the high amplitude
peak currents to which the power switch is subjected in
the induction heating cooker.

[0005] The aim of the present invention is the realiza-
tion of an inducting heating cooker wherein the power
switch driving the parallel resonant circuit is prevented
from damage by decreasing the high amplitude peak cur-
rents.

[0006] The induction heating cooker realized in order
to attain the aim of the present invention, explicated in
the first claim, comprises a parallel resonant circuit hav-
ing an induction coil and a resonant capacitor connected
in parallel to the induction coil, a power switch which
drives the parallel resonant circuit, a collector, an emitter
and a gate disposed on the power switch, a collector
node whereto the collector is connected, a voltage meas-
uring circuit that detects the resonant voltage on the col-
lector node, a control unit that changes the power switch
to the closed and the open positions depending on the
resonant voltage value, a drive circuit that provides the
power switch to be driven with the drive voltage, a gate-
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emitter capacitor connected between the gate and emit-
ter terminals of the power switch, providing the power
switch to pass from the open position to the closed po-
sition by being charged with the drive voltage, and an
additional capacitor connected in parallel to the gate-
emitter capacitor, the control unit providing the drive cur-
rent value delivered from the drive circuit to the power
switch to be changed by activating/deactivating the ad-
ditional capacitor.

[0007] In an embodiment of the present invention, the
induction heating cooker comprises a switch connected
in series to the additional capacitor.

[0008] The control unit activates the additional capac-
itor by closing the switch at the moments of vessel de-
tection and initial delivery of energy when peak currents
act on the power switch, and the drive current value de-
livered to the power switch is decreased by increasing
total capacitance value. By slowing down the power
switch, the peak currents acting on the power switch are
decreased.

[0009] The control unit deactivates the additional ca-
pacitor by opening the switch at the moments when the
peak currents do not act on the power switch, and the
drive current value delivered to the power switch is in-
creased by decreasing the total capacitance value, thus
the power switch is accelerated, and prevented from
overheating.

[0010] In the induction heating cooker of the present
invention, at the moments of vessel detection and deliv-
ery of initial energy at the start of vessel heating process,
the power switch is provided to pass slowly from the open
position to the closed position by decreasing the drive
current value delivered to the power switch. The peak
currents passing through the power switch are decreased
and the power switch is prevented from being damaged.
In the steady state when peak currents are not observed,
the value of the drive current applied to the power switch
is increased and overheating of the power switch is pre-
vented.

[0011] The induction heating cooker realized in order
to attain the aim of the present invention is illustrated in
the attached figures, where:

Figure 1 - is the schematic view of an induction heat-
ing cooker.

[0012] The elements illustrated in the figures are num-
bered as follows:

. Induction heating cooker
. Mains filtering circuit

. Bridge rectifier

. DC-line inductor

. DC-line capacitor

. Induction caoll

. Resonant capacitor

. Parallel resonant circuit

. Power switch
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10. Collector

11. Emitter

12. Gate

13. Collector node

14. Voltage measuring circuit
15. Control unit

16. Drive circuit

17. Gate-emitter capacitor
18. Additional capacitor

19. Switch

[0013] The induction heating cooker (1) comprises a
filtering circuit (2) that filters the AC mains voltage, a
bridge rectifier (3) that converts the AC mains voltage
into direct current, a DC-line inductor (4) and a DC-line
capacitor (5) disposed at the output of the bridge rectifier
(3) and which deliver DC voltage in a certain frequency
range by filtering the voltage generated in the DC-line, a
parallel resonant circuit (8) having an induction coil (6)
that provides the vessel (K) placed thereon to be heated
by the generated magnetic field and a resonant capacitor
(7) connected in parallel to the induction coil (6), a power
switch (9), for example an IGBT (Insulated Gate Bipolar
Transistor), that drives the parallel resonant circuit (8),
that is in conducting state in the closed position and pro-
vides the resonant capacitor (7) to be charged, providing
the delivery of the energy stored in the resonant capacitor
(7) to the vessel (K) by means of the induction coil (6) in
the open position, a collector (10), an emitter (11) and a
gate (12) disposed on the power switch (9), a collector
node (13) whereto the collector (10) is connected, wher-
eon resonant voltage (Vce) is generated in the open po-
sition of the power switch (9), a voltage measuring circuit
(14) that detects the resonant voltage (Vce) on the col-
lector node (13), a control unit (15), preferably a micro-
controller, that determines the time the power switch (9)
stays in the closed and open positions depending on the
voltage value (Vce) of the collector node (13), a drive
circuit (16) that provides the power switch (9) to be driven
with the required level of drive voltage (Vge), disposed
between the output of the control unit (15) and the gate
(12), a resistor (R) disposed between the drive circuit
(16) and the power switch (9) and a gate-emitter capacitor
(17) connected between the gate (12) and emitter (11)
terminals of the power switch (9), providing the power
switch (9) to pass from the open position to the closed
position by being charged with the drive voltage (Vge)
applied through the drive circuit (16) and the resistor (R).
[0014] In the induction heating cooker (1), energy is
stored in the induction coil (6) when the power switch (9)
is in the closed position, and energy is delivered from the
induction coil (6) to the vessel (K) in order to heat it when
the power switch (9) is in the open position. When the
induction heating cooker (1) is operated, a short term
drive voltage (Vge), for example of 15V value in "pulse”
form is applied to the gate (12) terminal of the power
switch (9) by the control unit (15) by means of the drive
circuit (16) for detecting the vessel (K), in the meantime
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the power switch (9) starts conducting by being changed
to the closed position and the power switch (9) is sub-
jected to high amplitude peak currents during the con-
ducting time when it is closed. After the vessel (K) de-
tection operation, the power switch (9) starts conducting
for a while by being changed to the closed position at the
start of the heating process, before delivery of initial en-
ergy to the vessel (K) and is subjected to high amplitude
peak currents during the conducting time when it is
closed. Furthermore, in the induction heating cooker (1),
in the case of light-load wherein low power adjustment
ismade by the user, the power switch (9) is also subjected
to high amplitude peak currents during the vessel (K)
heating process in each of the closed positions it is
changed to.

[0015] The induction heating cooker (1) of the present
invention comprises an additional capacitor (18) con-
nected in parallel to the gate-emitter capacitor (17).
[0016] The control unit (15) provides the capacitance
value to be changed during the transmission between
the drive circuit (16) and the power switch (9) by activat-
ing/deactivating the additional capacitor (18), the drive
current (Ige) value delivered from the drive circuit (16) to
the power switch (9) changes depending on the changing
capacitance value and the passage time of the power
switch (9) from the open position to the closed position
where it starts conducting is provided to be decreased.
[0017] In an embodiment of the present invention, the
induction heating cooker (1) comprises a switch (19) con-
nected in series to the additional capacitor (18).

[0018] In this embodiment, the control unit (15) acti-
vates the additional capacitor (18) by closing the switch
(19) at moments of vessel (K) detection, delivery of initial
energy to the vessel (K) at the start of the heating process
and in light-load conditions where peak currents act on
the power switch (9). Since both of the gate-emitter ca-
pacitor (17) and the additional capacitor (18) are activat-
ed, the total capacitance value prior to the power switch
(9) is increased, the drive current (Ige) value delivered
from the drive circuit (16) to the power switch (9) is de-
creased and the passage time of the power switch (9)
from the open position to the closed position where it
starts conducting is increased. In other words, the power
switch (9) is slowed down. The power switch (9) forms a
resistance by itself against the high peak currents deliv-
ered as a result of the resonant capacitor (7) being dis-
charged in the parallel resonant circuit (8) and the peak
currents passing through the power switch (9) are de-
creased.

[0019] The control unit (15) deactivates the additional
capacitor (18) by opening the switch (19) at steady state
except for vessel (K) detection, delivery of initial energy
to the vessel (K) at the start of the heating process and
light-load conditions, where peak currents do not act on
the power switch (9). Since only the gate-emitter capac-
itor (17) is activated in this situation, the total capacitance
value prior to the power switch (9) decreases, the drive
current (Ige) value delivered from the drive circuit (16) to
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the power switch (9) is increased and the passage time
of the power switch (9) from the open position to the
closed position where it starts conducting is decreased.
In other words, the power switch (9) is accelerated. The
power switch (9) is not forced to be continuously driven
with low drive current (Ige) and the power switch (9) is
prevented from overheating.

[0020] In the induction heating cooker (1), the power
switch (9) is provided to be slowed down only at the mo-
ments when peak currents are observed by keeping the
drive voltage (Vge) applied on the power switch (9) and
decreasing the drive current (Ige). In the steady state
where peak currents are not observed, the value of the
drive current (Ige) applied to the power switch (9) is in-
creased, the power switch (9) is accelerated, overheating
of the power switch (9) is prevented.

[0021] Itis to be understood that the present invention
is not limited by the embodiments disclosed above and
a person skilled in the art can easily introduce different
embodiments. These should be considered within the
scope of the protection disclosed by the claims of the
present invention.

Claims

1. Aninduction heating cooker (1) comprising a parallel
resonant circuit (8) having an induction coil (6) and
a resonant capacitor (7) connected in parallel to the
induction coil (6), a power switch (9) which drives
the parallel resonant circuit (8), a collector (10), an
emitter (11) and a gate (12) disposed on the power
switch (9), a collector node (13) whereto the collector
(10) is connected, a voltage measuring circuit (14)
that detects the resonant voltage (Vce) on the col-
lector node (13), a control unit (15) that changes the
power switch (9) to the closed and the open positions
depending on the resonant voltage value (Vce), and
a drive circuit (16) that provides the power switch (9)
to be driven with the drive voltage (Vge), the induc-
tion heating cooker being characterized in that it
further comprises a gate-emitter capacitor (17) con-
nected between the gate (12) and emitter (11) ter-
minals of the power switch (9), providing the power
switch (9) to pass from the open position to the closed
position by being charged with the drive voltage
(Vge), and an additional capacitor (18) connected in
parallel to the gate-emitter capacitor (17), the control
unit (15) providing the drive current (Ige) value de-
livered from the drive circuit (16) to the power switch
(9) to be changed by activating/deactivating the ad-
ditional capacitor (18).

2. Aninduction heating cooker (1) as in Claim 1, char-
acterized in that a switch (19) is connected in series

to the additional capacitor (18).

3. Aninduction heating cooker (1) as in Claim 2, char-
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acterized in that the control unit (15) activates the
additional capacitor (18) by closing the switch (19)
at moments when peak currents act on the power
switch (9) and decreases the drive current (Ige) value
delivered to the power switch (9).

4. Aninduction heating cooker (1) as in Claim 2 and 3,

characterized in that the control unit (15) deacti-
vates the additional capacitor (18) by opening the
switch (19) at moments when peak currents do not
act on the power switch (9) and increases the drive
current (Ige) value delivered to the power switch (9).

Patentanspriiche

1. Induktionsherd (1), umfassend eine Parallelreso-
nanzschaltung (8) mit einer Induktionsspule (6) und
einen Resonanzkondensator (7), der parallel mit der
Induktionsspule (6) geschaltet ist, einen Leistungs-
schalter (9), der die Parallelresonanzschaltung (8)
antreibt, einen Kollektor (10), einen Emitter (11) und
ein Gate (12), die am Leistungsschalter (9) angeord-
netsind, einen Kollektorknoten (13), mitdem der Kol-
lektor (10) verbunden ist, eine Spannungsmess-
schaltung (14), die die Resonanzspannung (Vce) am
Kollektorknoten (13) misst, eine Steuereinheit (15),
die den Leistungsschalter (9) abh&ngig vom Reso-
nanzspannungswert (Vce) in die geschlossene und
die offene Stellung umschaltet, und eine Antriebs-
schaltung (16), die dafir sorgt, dass der Leistungs-
schalter (9) mit der Antriebsspannung (Vge) ange-
trieben wird, wobei der Induktionsherd (1) dadurch
gekennzeichnet ist, dass er ferner einen Gate-
Emitter-Kondensator (17), der zwischen dem Gate-
(12) und dem Emitteranschluss (11) des Leistungs-
schalters (9) verbunden ist und dafiir sorgt, dass der
Leistungsschalter (9) von der offenen Stellung in die
geschlossene Stellung tbergeht, indem er mit der
Antriebsspannung (Vge) aufgeladen wird, und einen
weiteren Kondensator (18) umfasst, der parallel mit
dem Gate-Emitter-Kondensator (17), wobei die
Steuereinheit (15) daflir sorgt, dass der Wert des
Antriebsstroms (lge), der von der Antriebsschaltung
(16) an den Leistungsschalter (9) bereitgestellt wird,
durch Aktivieren/Deaktivieren des weiteren Konden-
sators (18) geandert wird.

2. Induktionsherd (1) nach Anspruch 1, dadurch ge-
kennzeichnet, dass ein Schalter (19) mit dem zu-
satzlichen Kondensator (18) in Reihe geschaltet ist.

3. Induktionsherd (1) nach Anspruch 2, dadurch ge-
kennzeichnet, dass die Steuereinheit (15) den wei-
teren Kondensator (18) aktiviert, indem sie den
Schalter (19) in Augenblicken schlielt, wenn Spit-
zenstrdme am Leistungsschalter (9) anliegen, und
den Wert des Antriebsstroms (Ige) senkt, der an den
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Leistungsschalter (9) bereitgestellt wird.

Induktionsherd (1) nach Anspruch 2 und 3, dadurch
gekennzeichnet, dass die Steuereinheit (15) den
weiteren Kondensator (18) deaktiviert, indem sie
den Schalter (19) in Augenblicken 6ffnet, wenn keine
Spitzenstréme am Leistungsschalter (9) anliegen,
und den Wert des Antriebsstroms (Ige) erhéht, der
an den Leistungsschalter (9) bereitgestellt wird.

Revendications

Un dispositif de chauffage a induction (1) compre-
nant un circuit paralléle de résonance (8) présentant
une bobine d’induction (6) et un condensateur de
résonance (7) relié en paralléle a la bobine d’induc-
tion (6), un interrupteur d’alimentation (9) qui entrai-
ne le circuit paralléle de résonance (8), un collecteur
(10), un émetteur (11) et une grille (12) disposés sur
l'interrupteur d’alimentation (9), un noeud collecteur
(13) auquel le collecteur (10) est relié, une unité de
mesure de tension (14) qui détecte la tension de ré-
sonance (Vce) sur le noeud collecteur (13), une unité
de commande (15) qui change l'interrupteur d’ali-
mentation (9) entre les positions fermée et ouverte
en fonction de la valeur de la tension de résonance
(Vce), et un circuit d’entrainement (16) qui permet
I'entrainement de linterrupteur d’alimentation (9)
avec la tension d’entrainement (Vge), le dispositif de
chauffage a induction (1) étant caractérisé en ce
qu’il comprend en outre un condensateur grill-émet-
teur (17) qui est relié entre la grille (12) et I'émetteur
(11) de Tlinterrupteur d’alimentation (9), qui permet
al'interrupteur d’alimentation (9) de passer de la po-
sition ouverte a la position fermée en étant chargé
par la tension d’entrainement (Vge), et un conden-
sateur supplémentaire (18) relié en paralléle au con-
densateur grill-émetteur (17), 'unité de commande
(15) permettant le changement de la valeur du cou-
rant d’entrainement (Ige) fourni du circuit d’entrai-
nement (16) a l'interrupteur d’alimentation (9) par
I'activation/désactivation du condensateur supplé-
mentaire (18).

Un dispositif de chauffage a induction (1) selon la
Revendication 1, caractérisé en ce qu’un interrup-
teur (19) est relié en série avec le condensateur sup-
plémentaire (18).

Un dispositif de chauffage a induction (1) selon la
Revendication 2, caractérisé par I'unité de com-
mande (15) désactive le condensateur supplémen-
taire (18) en fermant I'interrupteur (19) a des mo-
ments ou des courants de créte agissent sur l'inter-
rupteur d’alimentation (9), et diminue la valeur du
courant d’entrainement (Ige) délivré a l'interrupteur
d’alimentation (9).
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4.

Un dispositif de chauffage a induction (1) selon la
Revendication 2 et 3, caractérisé par|’'unité de com-
mande (15) désactive le condensateur supplémen-
taire (18) en s’ouvrant l'interrupteur (19) a des mo-
ments ou des courants de créte n’agissent pas sur
l'interrupteur d’alimentation (9), et augmente la va-
leur du courant d’entrainement (Ige) délivré a I'inter-
rupteur d’alimentation (9).
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Figure 1
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