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(54) INDUCTION HOB AND METHOD FOR OPERATING AN INDUCTION HOB

(67)  The invention relates to an induction hob com-
prising a circuitry (1a) for powering at least one induction
coil (6), the circuitry (1a) comprising a power circuit por-
tion (7) with at least one switching element (4, 5) adapted
to provide pulsed electric power to said induction coil (6)
and an oscillating circuit portion (9), said induction caoil
(6) being electrically coupled with said power circuit por-
tion (7) and said oscillating circuit (9), wherein said in-
duction hob comprises a control entity (10), said control

FIG 2

entity (10) being configured to receive first information
correlated with a first voltage provided at said power cir-
cuit portion (7) and second information correlated with a
second voltage correlated with said oscillating circuit (9),
said control entity (10) being further configured to calcu-
late information regarding a peak value and a power fac-
tor of the electric current provided through said induction
coil (6) based on said received first and second informa-
tion.
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Description

[0001] The present invention relates generally to the field of induction hobs. More specifically, the present invention
is related to an induction hob comprising a power circuit in which the functionality of a current transducer is replaced by
arithmetic functionality provided by a control entity.

BACKGROUND OF THE INVENTION

[0002] Induction hobs for preparing food are well known in prior art. Induction hobs typically comprise at least one
induction coil placed below a hob plate in order to heat a piece of cookware.

[0003] For controlling the induction hob, values regarding the peak current flowing through the induction coil and power
factor indicating the load of the induction coil (dependent of the position of the piece of cookware, the material of the
piece of cookware etc.) are required.

[0004] Common induction hobs comprise a current transducer based on which peak current flowing through the
induction coil and a power factor can be determined. However, the usage of a current transducer is disadvantageous
because the total costs and footprint of the power circuit board is increased.

SUMMARY OF THE INVENTION

[0005] Itis an objective of the embodiments of the invention to provide an induction hob, which is improved with respect
to the costs and footprint of the power circuit board. The objective is solved by the features of the independent claims.
Preferred embodiments are given in the dependent claims. If not explicitly indicated otherwise, embodiments of the
invention can be freely combined with each other.

[0006] According to an aspect, the invention relates to an induction hob comprising a circuitry for powering at least
one induction coil. The circuitry comprises a power circuit portion with at least one switching element adapted to provide
pulsed electric power to said induction coil and an oscillating circuit portion. Said induction coil is electrically coupled
with said power circuit portion and said oscillating circuit portion. The induction hob further comprises a control entity
being configured to receive first information correlated with a first voltage provided at said power circuit portion and
second information correlated with a second voltage correlated with said oscillating circuit portion. Said control entity is
further configured to calculate information regarding a peak value and a power factor of the electric current provided
through said induction coil based on said received first and second information.

[0007] Said induction hob is advantageous because the functionality of the current transducer can be replaced by a
mathematical approach, said mathematical approach taking available information of the power circuit of the induction
hob. Said control entity is configured to calculate peak current value and power factor value based on said available
information. Thereby, the total costs and footprint of the power circuit can be reduced, specifically when using existing
resources (e.g. microprocessor etc.) for calculating said values.

[0008] Accordingto embodiments, the said first information is indicative for a voltage provided at a circuit node located
between a pair of switching elements. Preferably, said switching elements may be arranged according to a half-bridge
converter and said circuit node is located between the switching elements of the half-bridge converter. For example, the
switching elements may be IGBTs (IGBT: insulated-gate bipolar transistor). Said induction coil may be at least indirectly,
preferably directly electrically coupled with said circuit node.

[0009] According to embodiments, said first information is calculated by considering information regarding rectified
mains voltage and duty cycle information.

[0010] According to embodiments, said first information is calculated based on the following formula:

__ 2VmaIns
Vo =———

-sin(m - duty);

wherein

Vian_s is the peak value of rectified mains voltage; and
duty is duty cycle information.

[0011] According to embodiments, said second information is indicative for a voltage provided at a circuit node located
between a pair of capacitors included in said oscillating circuit. Said circuit node may be used for electrically coupling
the induction coil with the oscillating circuit. One capacitor of said pair of capacitors extends between said circuit node
and supply voltage wherein the other capacitor of said pair of capacitors extends between said circuit node and ground.
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[0012] According to embodiments, said second information is obtained using sensing circuit portion comprising a
voltage divider. Said voltage divider may be formed by two or more resistors which allow the measurement of second
information.

[0013] According to embodiments, said second information is obtained by sampling the voltage at a circuit node of
said oscillating circuit, specifically by sampling the voltage at a circuit node located between a pair of capacitors included
in said oscillating circuit. Said sampling may be performed continuously orintermittent (discontinuously). Thereby, system
resources can be saved.

[0014] According to embodiments, said second information comprises information regarding the maximum and min-
imum values of the voltage at a circuit node located between a pair of capacitors included in said oscillating circuit. For
determining the peak value of the coil current, only maximum and minimum peak values of the circuit node of the
oscillating circuit are required. Said maximum and minimum values may be averaged values e.g. averaged over the half
of the mains voltage period.

[0015] According to embodiments, the control entity is configured to calculate the peak value of the electric current
provided through said induction coil based on the following formula:

I = Zﬂf(VC,max - VC,min )Cres,z

wherein

fis the frequency of the AC-current provided to the induction coil;

V¢ max s the maximum value of the voltage provided at a node between a pair of capacitors included in said oscillating
circuit;

V¢ minis the minimum value of the voltage provided at a node between a pair of capacitors included in said oscillating
circuit; and

Cres 2 is the capacitor value of a resonance capacitor included in said oscillating circuit.

[0016] According to embodiments, the control entity is configured to calculate the power factor based on two or more
values of first information and two or more values of second information, wherein the two or more values of first and
second information are obtained by driving the induction coil at different frequencies.

[0017] According to embodiments, the control entity is configured to calculate the power factor based on an averaged
frequency value, said averaged frequency value being obtained by calculating the arithmetic mean of two or more
frequency values.

[0018] According to embodiments, the control entity is configured to calculate the power factor based on information
regarding a load resistance value and a load inductance value, said load resistance value forming the real part and said
load inductance value forming the complex part of complex load impedance. Based on said electrical model of the electric
load provided by the induction coil (which is loaded by means of the piece of cookware placed above the induction coil)
a calculation of the power factor with limited mathematical effort is possible.

[0019] According to embodiments, the control entity is configured to calculate the power factor based on the following
formula:

R

cosQp =

Rs2 + (wapls — F)z

2
av Cres
wherein

Rg is the load resistance value;

Lgis the load inductance value;

,, is an averaged frequency value; and

C,¢s is the capacitor value of the capacitor included in said oscillating circuit.

[0020] According to embodiments, the induction hob comprises no current transducer electrically coupled with the
induction coil, wherein information regarding a peak value and a power factor of the electric current provided through
said induction coil are provided by an algorithm considering said first and second information. Thereby, the complexity
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of the power circuit is significantly reduced.

[0021] According to a further aspect, the invention relates to a method for operating an induction hob. The induction
hob comprises a circuitry for powering at least one induction coil. The circuitry comprises a power circuit portion with at
least one switching element adapted to provide pulsed electric power to said induction coil and an oscillating circuit
portion, said induction coil being electrically coupled with said power circuit portion and said oscillating circuit. The
induction hob comprises a control entity performing the steps of:

- receiving first information correlated with a first voltage provided at said power circuit portion;

- receiving second information correlated with a second voltage correlated with said oscillating circuit;

- calculating information regarding a peak value and a power factor of the electric current provided through said
induction coil based on said received first and second information.

[0022] "Power factor" according to the present invention refers to a value reflecting the ratio of a real part of a complex
impedance and the complex impedance. Based on said power factor, the coupling between the piece of cookware and
the induction coil can be assessed.

[0023] "Duty cycle" according to the present invention refers to the fraction of one signal period in which a signal is
active/high. Specifically, "Duty cycle" according to the present invention refers to the fraction at which the switching
element is switched on (high) compared to the whole switching period.

[0024] The term "essentially" or "approximately" as used in the invention means deviations from the exact value by
+/- 10%, preferably by +/- 5% and/or deviations in the form of changes that are insignificant for the function.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The various aspects of the invention, including its particular features and advantages, will be readily understood
from the following detailed description and the accompanying drawings, in which:

Fig. 1  shows an example embodiment of a schematic power circuit of a state-of-the-art induction hob;

Fig. 2 shows an example embodiment of a schematic power circuit of an induction hob according to the present
invention; and

Fig. 3  shows an equivalent circuit of a power circuit according to the present invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0026] The presentinvention will now be described more fully with reference to the accompanying drawings, in which
example embodiments are shown. However, this invention should not be construed as limited to the embodiments set
forth herein. Throughout the following description similar reference numerals have been used to denote similar elements,
parts, items or features, when applicable.

[0027] Fig. 1 shows a schematic diagram of a power circuit 1 of a state-of-the-art induction hob. The power circuit 1
comprises an input stage 2. Said input stage 2 may be coupled with AC mains, e.g. 230V AC mains. Said input stage
2 may be adapted to rectify and/or filter the AC mains voltage. Specifically, the input stage 2 may comprise a rectification
bridge. In addition, the power circuit 1 may comprise a coil driver entity 3. The coil driver entity 3 may be adapted to
control one or more switching elements 4, 5. Said switching elements 4, 5 may be electrically coupled with said input
stage 2 in order to receive rectified AC voltage. In addition, said coil driver entity 3 may be electrically coupled with
control inputs of said switching elements 4, 5 in order to be able to provide pulsed electrical power to an induction coil
6. Said switching elements 4, 5 may be, for example, IGBTs. The IGBTs may be integrated in a power circuit portion 7,
said power circuit portion 7 being configured as a half-bridge converter.

[0028] Between said power circuit portion 7 and said induction coil 6, a current transducer 8 is provided. Said current
transducer 8 may be adapted to provide information regarding the peak value of the electric current provided through
the induction coil 6 (in the following referred to as coil current) and the power factor. More in detail, the coil current may
flow through the current transducer 8. Thereby, the current transducer 8 is able to measure/determine the peak value
of the coil current and the power factor. The current transducer 8 may be electrically coupled with a circuit node 7a of
the power circuit portion 7 which is arranged between the pair of switching elements 4, 5.

[0029] Atthe opposite side of the current transducer 8, the induction coil 6 is coupled with an oscillating circuit portion.
Said oscillating circuit portion 9 may comprise a pair of capacitors 9.1, 9.2, said capacitors 9.1, 9.2 forming together with
the inductivity of the induction coil 6 an electrical resonant or quasi-resonant circuit which enables an oscillating excitation
of the induction coil 6. The induction coil 6 may be coupled with a circuit node 9a being arranged between said pair of
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capacitors 9.1, 9.2.

[0030] Said transducer 8 may be electrically coupled with a control entity 10 for providing information regarding the
peak value of the coil current and the power factor to said control entity 10. Based on said information, the control entity
10 controls the switching elements 4, 5 of the power circuit portion 7.

[0031] Fig. 2 shows a schematic diagram of a power circuit 1a of an induction hob according to the present invention.
The basic structure of the power circuit 1a is similar to the structure of the power circuit 1. Therefore, in the following
only differences of the power circuit 1a with respect to power circuit 1 are explained. Apart from that, the features
described before do also apply to the embodiment of Fig. 2.

[0032] The first main difference to the power circuit 1 is that the power circuit 1a does not comprise a current transducer
8. More in detail, the induction coil 6 is directly coupled with the circuit node 7.1 provided between the pair of switching
elements 4, 5. A further difference is the voltage divider 11 which is electrically coupled with the circuit node 9a of the
oscillating circuit portion 9. In order to be able to replace the functionality of the current transducer 8, the control entity
10 is configured to gather information regarding the peak value of the coil current and the power factor based on a
mathematical algorithm. More in detail, the control entity 10 may receive certain information available at the power circuit
1a, e.g. information correlated with the voltage of the circuit node 7a and a voltage of the circuit node 9a. The wording
"information correlated with a voltage" may refer to the case that a voltage is tapped at a certain node (e.g. node 7a or
9a) thereby said information being the voltage value at said node. However, the wording "information correlated with a
voltage" may alternatively be indicative for said voltage at said node, but may be derived by an arithmetic operation
based on other parameters.

[0033] In the following, the implementation of calculating information regarding the peak value of the coil current and
the power factor is described in detail.

[0034] The algorithmic implementation (and not based on a current transducer) of providing information regarding the
peak value of the coil current and the power factor can be obtained based on several information available at the power
circuit 1a or derivable from information available at the power circuit 1a.

[0035] In the arithmetic implementation, the voltage V,,, (middle point voltage) at circuit node 7a (middle point of the
half bridge converter) is determined. Voltage V,, is typically a rectangular, pulse-width-modulated wave. Its amplitude
can be computed considering the voltage V i, s provided to the power circuit portion 7 and the related duty cycle.
Preferably, V \.in s is the rectified sinusoidal wave or a DC-voltage.

[0036] SpeEifica_IIy, the following equation can be used for calculating the voltage V/;:

_ 2VMAIN S
V, =——

-sin(m - duty); (equ.l)

wherein

Viain_s is the peak value of rectified mains voltage; and
duty is duty cycle information.

[0037] Furthermore, a voltage V at a circuit node 9a (node included in the oscillating circuit portion 9) is determined.
Said voltage V; may be a voltage which drops at a resonance capacitor C,, 9.2 of the oscillating circuit portion 9.
[0038] For determining voltage V., the power circuit comprises a sensing circuit portion. Said sensing circuit portion
may comprise a voltage divider 11. Voltage V., may be a sinusoidal or essentially sinusoidal AC voltage. For determining
peak current |, flowing through the induction coil 6, information regarding the maximum and minimum value of voltage
V. are required. Said maximum and minimum values of voltage V., may be obtained by sampling the voltage V occurring
at the sensing circuit portion. The sampling frequency may be, for example, 1MHz or higher in order to obtain a high
resolution of the sampled voltage. Said sampling may be obtained continuously or intermittent. For example, one or
more periods of voltage V. may be sampled every 100us (corresponding to a repetition frequency of 10KHz).

[0039] Fig. 3 shows an equivalent circuit covering the power circuit portion 7, the induction coil 6 and the oscillating
circuit 9 of the power circuit 1a according to Fig. 2. The induction coil 6 is replaced by a load representation modelled
by Rg and Lg. The values of Rg and Ly depend on the applied frequency, the temperature, the material of the piece of
cookware placed on the induction coil and the position of the piece of cookware with respect to the induction coil 6.
Based on said equivalent circuit, the coil current I, can be reconstructed using the following model equations:
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I = I+ Ley;
dv. L
dt — 2Cres,’
v,
le=15= ZCres,Z 'Ei

[0040] Based on the last formula, coil current |, can be reconstructed as follows:

Ie = 20f (Vemax — Vemin )Creszi (equ.2)
wherein
fis the frequency of the AC-current provided to the induction coil 6;
V¢ max is the maximum value of the voltage provided at circuit node 9a;
V¢ min is the minimum value of the voltage provided at circuit node 9a; and
Cres,2 is the capacitor value of a resonance capacitor included in said oscillating circuit.
[0041] In the following, an example embodiment of determining power factor is provided. For reconstructing the power

factor, the load can be modelled based on an equivalent R-L-model. The mathematical formulation starts considering
a representation in the Laplace-domain:

F(s) = foof(t)e‘“dt;

wherein s is a complex frequency parameter s = o + jw.
[0042] Considering a matrix representation of s:

¢ = [0 —1]
1 0ol
[0043] The voltage V,, at circuit node 7a and V, at circuit node 9a can be represented by its real (r) and imaginary (i)
components:

- _Vm,r]
m — /]
| Vini
. 'Vc,r]
¢ _Vc,i '
[0044] Considering the relationships
Vrs = Rs " Ipg;
VL =S LS ) IL ;
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ICS =S Cres,z ' VCres,Z;

the main equation for the equivalent circuit is:

0=Vn—V.— ([(1) _01] ‘Rg+s- LS) *25Cres2Ves

[0045] For calculating the power factor, multiple values at different frequencies have to be gathered. More in detail,
values at a first frequency f1 and a second frequency f2 are gathered wherein f1 < f2.
[0046] Considering the voltages:
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Ly = Ls(f1) =

Lg, = Lg(f2) =

2V

Vi1 = % -sin(m - dutyy) ;
2V

Voo = %- sin(m - duty,) ;

V.. = VcMax,Z B VcMin,Z .
c2 — 2 ’

substituting the previous real/imaginary notation considering er = /Vnzz and V,, =0 can be obtained:

= = VerrVmi .
Rs1 = Rs(f1) = 2Cres(Viy V1)
Rs2 = Rs(f2) = e

2Cres.2 (Vz.z.i + ch.z.r)

c

Vcl,i2 - Vcl,er.l + Vcl,rz
ZCres.Z (Vcl,i2 + Vcl,rz)wlz

with w,; = 2nf1

ch,i2 - VcZ,er.Z + ch,rz
ZCres.Z (ch,i2 + ch,rz)wzz

with w, = 2mf2

Solving the defined system:
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RSl - RS
RSZ — Rs
Lsy — Ls .
1 Ls, — Ls inRgLs,Ver i, Ver Voo Verr
Vcl,i2 + Vcl,rz - Vc12
Vo, ?2+V.,.2=V.,2
c2,i c2,r c2

a formulation for the power factor can be obtained. The power factor represents the ratio between the real part of the

load impedanz in relation to the complex load impedance (i.e. cos Q= Rs
4

Rs
cosQ =
1 2
Rs? + (ks — =)
av™s Way2Cres
wherein:
(w1+w>y)
Way = 12 :

[0048] It should be noted that the description and drawings merely illustrate the principles of the proposed induction
hob. Those skilled in the art will be able to implement various arrangements that, although not explicitly described or
shown herein, embody the principles of the invention.

List of reference numerals

[0049]

1, 1a  power circuit

2 input stage

3 coil driver entity

4 switching element

5 switching element

6 induction coil

7 power circuit portion
7a circuit node

8 current transducer
9 oscillating circuit portion
9a circuit node

9.1 capacitor

9.2 capacitor

10 control entity

11 voltage divider
Claims

1. Induction hob comprising a circuitry (1a) for powering at least one induction coil (6), the circuitry (1a) comprising a
power circuit portion (7) with at least one switching element (4, 5) adapted to provide pulsed electric power to said
induction coil (6) and an oscillating circuit portion (9), said induction coil (6) being electrically coupled with said power
circuit portion (7) and said oscillating circuit (9), wherein said induction hob comprises a control entity (10), said
control entity (10) being configured to receive first information correlated with a first voltage provided at said power
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circuit portion (7) and second information correlated with a second voltage correlated with said oscillating circuit
portion (9), said control entity (10) being further configured to calculate information regarding a peak value and a
power factor of the electric current provided through said induction coil (6) based on said received first and second
information.

Induction hob according to claim 1, wherein said first information is indicative for a voltage (V) provided at a circuit
node (7a) located between a pair of switching elements (4, 5).

Induction hob according to claim 1 or 2, wherein said first information is calculated by considering information
regarding rectified mains voltage (V,,in_s) and duty cycle information (duty).

Induction hob according to anyone of the preceding claims, wherein said first information is calculated based on the
following formula:

_ 2VmaINs
Vo =———

-sin(m - duty);

wherein

Viyain_s is the peak value of rectified mains voltage; and
duty is duty cycle information.

Induction hob according to anyone of the preceding claims, wherein said second information is indicative for a
voltage (V) provided at a circuit node (9a) located between a pair of capacitors (Cgg 1, Cres 2) included in said
oscillating circuit portion (9).

Induction hob according to anyone of the preceding claims, wherein said second information is obtained using
sensing circuit portion comprising a voltage divider (11).

Induction hob according to claim 5 or 6, wherein said second information is obtained by sampling the voltage (V)
at a circuit node (9a) of said oscillating circuit portion (9), specifically by sampling the voltage (V) at a circuit node
(9a) located between a pair of capacitors (C,gg 4, Crs 2) included in said oscillating circuit portion (9).

Induction hob according to anyone of the preceding claims, wherein said second information comprises information
regarding the maximum and minimum values of the voltage (V) at a circuit node (9a) located between a pair of
capacitors (C 4, Cpes 2) included in said oscillating circuit portion (9).

Induction hob according to anyone of the preceding claims, wherein the control entity (11) is configured to calculate
the peak value of the electric current provided through said induction coil (6) based on the following formula:

Ie = Zﬂf(VC,max - VC,min )Cres,z

wherein

fis the frequency of the AC-current provided to the induction coil;

V¢ max 1S the maximum value of the voltage provided at a node between a pair of capacitors included in said
oscillating circuit;

V¢ min is the minimum value of the voltage provided at a node between a pair of capacitors included in said
oscillating circuit; and

Cres2 is the capacitor value of a resonance capacitor included in said oscillating circuit.

Induction hob according to anyone of the preceding claims, wherein the control entity (11) is configured to calculate
the power factor based on two or more values of first information and two or more values of second information,
wherein the two or more values of first and second information are obtained by driving the induction coil (6) at
different frequencies.
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Induction hob according to anyone of the preceding claims, wherein the control entity (11) is configured to calculate
the power factor based on an averaged frequency value, said averaged frequency value being obtained by calculating
the arithmetic mean of two or more frequency values.

Induction hob according to anyone of the preceding claims, wherein the control entity (11) is configured to calculate
the power factor based on information regarding a load resistance value (R) and a load inductance value (L) said
load resistance value (Rg) forming the real part and said load inductance value (L) forming the complex part of a
complex load impedance.

Induction hob according to anyone of the preceding claims, wherein the control entity (11) is configured to calculate
the power factor based on the following formula:

R

cos@p =
2 2
wav CTBS

Rs2 + (WeylLs —

wherein

Rg is the load resistance value;

Lgis the load inductance value;

m,, is an averaged frequency value; and

C,s is the capacitor value of the capacitor included in said oscillating circuit.

Induction hob according to anyone of the preceding claims, comprising no current transducer electrically coupled
with the induction coil (6), wherein information regarding a peak value and a power factor of the electric current
provided through said induction coil are provided by an algorithm considering said first and second information.

Method for operating aninduction hob, the induction hob comprising a circuitry (1a) for powering atleast one induction
coil (6), the circuitry (1a) comprising a power circuit portion (7) with at least one switching element (4, 5) adapted
to provide pulsed electric power to said induction coil (6) and an oscillating circuit portion (9), said induction coil
being electrically coupled with said power circuit portion (7) and said oscillating circuit portion (9), wherein said
induction hob comprises a control entity (11) performing the steps of:

- receiving first information correlated with a first voltage (V,,,) provided at said power circuit portion (7);

- receiving second information correlated with a second voltage (V) correlated with said oscillating circuit portion
)

- calculating information regarding a peak value and a power factor of the electric current provided through said
induction coil based on said received first and second information.

10
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