wo 2016/177583 A1 [N 000 00000 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/177583 Al

10 November 2016 (10.11.2016) WIPO | PCT
(51) International Patent Classification: (74) Agent: BAUMGARTL, Gerhard; Electrolux Hausgerite
HO5B 6/06 (2006.01) GmbH, Group Patents, P. O. Box 1036, 90327 Niirnberg
(21) International Application Number: (DE).
PCT/EP2016/058880 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: . AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
21 April 2016 (21.04.2016) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
15166739.1 7 May 2015 (07.05.2015) EP PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(71) Applicant: ELECTROLUX APPLIANCES AK- TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
TIEBOLAG [SE/SE]; S:t Géransgatan 143, 105 45 Stock- . L
holm (SE). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: JEANNETEAU, Laurent; Electrolux Italia GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

S.p.A. - Forli Factory Viale Bologna, 298, 47122 Forli
(IT). NOSTRO, Massimo; Electrolux Italia S.p.A. - Forli
Factory Viale Bologna, 298, 47122 Forli (IT). ZANGOLLI,
Massimo; Electrolux Italia S.p.A. - Forli Factory Viale Bo-
logna, 298, 47122 Forli (IT). VIROLI, Alex; Electrolux
Italia S.p.A. - Forli Factory Viale Bologna, 298, 47122
Forli (IT).

TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: METHOD FOR CALIBRATING A POWER CONTROL LOOP OF AN INDUCTION HOB

FIG 2

13
§

Bridge
rectifier

mains
E—

(57) Abstract: The invention relates to a
method for calibrating a power control loop
of an induction hob (1), the induction hob
(1) comprising a power stage (10) including
at least one induction element (21), a meas-
urement unit (12) and a control unit (11), the
method comprising the steps of: — coupling
the at least one induction element (21) with a
reference load; — powering the power stage
(10) at predefined working conditions by
means of said control unit (11); — deriving a
measurement value being indicative for the
power transferred from the power stage (10)

Driver unit

Power stage

{ (
10 14

Control unit

to the reference load by means of said meas-
urement unit (12); — providing the measure-
ment value to the control unit (11); — calcu-
lating a correction value based on the meas-
urement value and a reference value; — stor-

~11

12
!

ing the correction value in a storage entity in
order to modify measurement values

MS

Current
measurement unit

User interface

provided by the measurement unit (12) based
on the correction value when operating the

~3

induction hob (1).



WO 2016/177583 A1 WA 00 T 00 0 O

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2016/177583 PCT/EP2016/058880

Description

Method for calibrating a power control loop of an induction hob

The present invention relates generally to the field of induc-
tion hobs. More specifically, the present invention is related
to a method for calibrating the power control loop of an induc-

tion hob.

BACKGROUND OF THE INVENTION

Induction hobs for preparing food are well known in prior art.
Induction hobs typically comprise at least one heating zone
which 1s associated with at least one induction element. For
heating a piece of cookware placed on the heating zone, the in-
duction element is coupled with electronic driving means for
driving an AC current through the induction element. Said AC
current generates a time varying magnetic field. Due to the in-
ductive coupling between the induction element and the piece of
cookware placed above the induction element, the magnetic field
generated by the induction element causes eddy currents circu-
lating in the piece of cookware. The presence of said eddy cur-
rents generates heat within the piece of coockware due to the

electrical resistance of said piece of cookware.

In order to control the power provided to the piece of cookware,
induction hobs comprise a power control loop. For example, the
voltage drop over a shunt resistor may be used as a measurand
for controlling the power. However, the power control mechanism
may be negatively affected by tolerances of electronic elements
included in the power control loop. Said tolerances of electron-
ic elements could be compensated by a manual calibration of the
power control loop, which is time-consuming and therefore expen-

sive.
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SUMMARY OF THE INVENTION

It is an objective of the embodiments of the invention to pro-
vide a method for manufacturing an induction hob at reasonable
costs. The objective is solved by the features of the independ-
ent 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.

According to an aspect, the invention relates to a method for
calibrating a power control loop of an induction hob. The induc-—
tion hob comprises a power stage including at least one induc-
tion element, a measurement unit and a control unit. The method
comprises the steps of:
— coupling the at least one induction element with a refer-
ence load;
— powering the power stage at predefined working conditions
by means of said control unit;
— deriving a measurement value being indicative for the
power transferred from the power stage to the reference

load by means of said measurement unit;
— providing the measurement value to the control unit;

— calculating a correction value based on the measurement

value and a reference value;

— storing the correction value in a storage entity in order
to modify measurement values provided by the measurement
unit based on the correction value when operating the in-

duction hob.

Advantageously, by means of said pre-calculated correction val-
ue, an automated and precise calibration of the power control
loop included in the induction hob is achieved and no manual
calibration, for example, by trimming a potentiometer is neces-

sary.
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According to embodiments, the measurement value is derived based
on the voltage drop at a shunt resistor being coupled with an
arm of a bridge rectifier. By means of said shunt resistor, a
measurement value indicative for the power provided from the
bridge rectifier to one or more power stages included in the in-
duction hob can be derived. The tolerance of the resistance val-
ue of the shunt resistor and other electronic components includ-
ed in the induction hob may be high, e.g. 5%. Thereby, the elec-
tronic component costs of the induction hob can be reduced. By
means of said automated calibration process, the tolerances of
the electronic components can be compensated thereby obtaining a

calibrated power control loop.

According to embodiments, the measurement value is derived based
on the voltage drop at a shunt resistor being coupled with a
switching element, specifically an insulated-gate bipolar tran-
sistor IGBT. Said switching element may be assigned to a certain
power stage, i.e. by means of said shunt resistor, a measurement
value indicative for the power provided to a certain power stage
can be derived. Thus, a precise control power control of a re-
spective power stage 1s possible. Multiple measurement values
may be derived at multiple shunt resistors coupled with differ-
ent switching elements in order to calibrate multiple power con-—

trol loops.

According to embodiments, the voltage drop measured at a shunt
resistor is received by the measurement unit, the measurement
unit providing based on said measured voltage drop the measure-
ment value to the control unit. In other words, the measurement
unit converts the measured voltage into a measurement value
suitable for the control unit. For example, the measurement unit
may amplify the received voltage or may add an offset to said

received voltage.
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According to embodiments, the reference value and/or correction
value 1s stored in a storage entity, the storage entity being
accessible by the control unit. The storage entity may be in-
cluded in the control unit or may be an external storage entity.
The storage entity may comprise a non-volatile storage in order

to permanently store the reference value.

According to embodiments, the reference value corresponds to a
measurement value provided by the measurement unit based on a
voltage drop over the shunt resistor having a nominal resistance
value when powering the power stage at predefined working condi-
tions and coupling the induction element with said reference
load. In other words, the reference wvalue may be indicative for
the measurement value to be measured if the electronic compo-
nents, specifically the shunt resistor, have component values
(e.g. resistance values) equal to their nominal values (ideal
electronic components without tolerances) and the induction ele-
ment is coupled with said reference load. Thus, said reference
value builds the fundamental reference (standard) for the cali-

bration process.

According to embodiments, the correction value is the ratio be-
tween the measurement value and the reference value. After de-
termining said correction value, the power control loop can be
automatically calibrated by multiplying the currently received

measurement value and the correction value.

According to a second aspect, the invention relates to a method
for controlling the power transferred from a power stage to a
piece of coockware in an induction hob, the induction hob com-
prising at least one induction element included in said power
stage, a measurement unit and a control unit, the method com-

prising the steps of:
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— powering the power stage thereby transferring power to a
piece of cookware placed above the induction element;

— deriving a measurement value being indicative for the
power transferred from the power stage to the piece of
coockware by means of said measurement unit;

— calculating a power value indicative for the power trans-
ferred to a piece of cookware based on the measurement
value and a correction value by means of the control
unit, the correction value being stored in a storage en-
tity being accessible by said control unit; and

— controlling the power transferred to the piece of

cookware based on the power value.

Advantageously, by using the pre-calculated correction value, an
automated and precise control of power transferred to the piece

of cookware is achieved.

According to embodiments, the control unit is a software-based
control unit comprising at least one processing entity, said
processing entity modifying measurement values provided by the
measurement circuit based on the correction value. In other
words, during the operation of the induction hob a continuous
modification of the measurement values is performed in order to
derive a power value according to which the power stage is pow-

ered.

According to embodiments, the measurement value is derived based
on the voltage drop at a shunt resistor being coupled with an

arm of a bridge rectifier.

According to embodiments, the measurement value is derived based
on the voltage drop at a shunt resistor being coupled with a
switching element, specifically an insulated-gate bipolar tran-

sistor IGBT.



10

15

20

25

30

WO 2016/177583 PCT/EP2016/058880

According to a third aspect, the invention relates to an induc-
tion hob comprising a power stage with at least one switching
element for enabling an alternating current flow through an in-
duction element, a control unit for controlling the current flow
through the induction element and a measurement unit, the meas-
urement unit being adapted to provide a measurement value to the
control unit, the measurement value being indicative for the
power transferred from the induction element to a piece of
coockware placed above the induction element, wherein the control
unit is coupled with a storage entity, the storage entity stor-
ing a correction value determined during a calibration routine,
wherein the control unit is adapted to modify the measurement
value based on the correction value and deriving a power value
based on the modified measurement value and wherein the control
unit is adapted to control the power transferred to the piece of

cookware based on the power value.

Advantageously, by calibrating the induction hob during opera-
tion by using the pre-calculated correction value, the manufac-
turing costs can be reduced because cheap electronic components

can be used and no manual calibration is necessary.

According to embodiments, the control unit is a software-based
control unit comprising at least one processing entity, said
processing entity being adapted to modify measurement values
provided by the measurement circuit based on the correction val-

ue.

According to embodiments, the storage entity comprises a non-—

volatile data storage.

The term “essentially” or *"approximately” as used in the inven-

tion means deviations from the exact value by +/- 10%, prefera-
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bly by +/- 5% and/or deviations in the form of changes that are

insignificant for the function.

BRIEF DESCRIPTION OF THE DRAWINGS

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 schematic view of an induction hob;

Fig. 2 shows an example schematic block diagram of units com-—

prised within the induction hob;

Fig. 3 shows an example circuit diagram of the bridge rectifier,
the power stage and the driver unit according to a first

embodiment;

Fig. 4 shows an example circuit diagram of the bridge rectifier,
the power stage and the driver unit according to a second

embodiment;

Fig. 5 1illustrates an example method for calibrating a power

control loop of an induction hob based on a flow chart;

Fig. 6 1llustrates an example method for controlling the power
transferred to a piece of cookware in an induction hobj;

and

Fig. 7 shows an example circuitry of the measurement unit.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will now be described more fully with ref-
erence to the accompanying drawings, in which example embodi-
ments 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

7
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to denote similar elements, parts, items or features, when ap-

plicable.

Fig. 1 shows a schematic illustration of an induction hob 1 ac-
cording to the invention. The induction hob 1 may comprise mul-
tiple heating zones 2 preferably provided at a common hob plate.
Each heating zone is correlated with at least one induction ele-
ment placed beneath the hop plate. Said induction element may
be, for example, an induction coil. The induction hob 1 further
comprises a user interface 3 for receiving user input and/or
providing information, specifically graphical information to the

user.

Fig. 2 shows a schematic block diagram of an induction hob 1 be-
ing adapted to measure the current provided to one or more in-
duction elements comprised within the induction hob 1. The in-
duction hob 1 comprises a power stage 10, a control unit 11 and
a user interface 3, said user interface 3 being coupled with the
control unit 11 in order to provide information to the user
and/or to receive information from the user via the user inter-
face 3. Said control unit 11 is coupled with the power stage 10
in order to control the electrical power provided to the power
stage 10, specifically to control the power provided to one or

more induction elements comprised within the power stage 10.

Furthermore, the induction hob 1 may comprise a bridge rectifier
13, said bridge rectifier 13 being coupled with the power stage
10 for providing electrical power to the induction element of

the power stage 10. The bridge rectifier 13 may be coupled with

one or more phases of the mains supply network.

According to embodiments, the control unit 11 is coupled with
the power stage 10 via a driver unit 14, said driver unit 14 be-
ing adapted to receive a pulsed electrical signal P by the con-

trol unit 11, modify said received pulsed electrical signal P
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and provide said modified pulsed electrical signal P’ to the
power stage 10. According to other embodiments, the control unit
11 may be directly coupled with the power stage 10, i.e. may
provide the pulsed electrical signal P directly to the power
stage 10. Said pulsed electrical signal P, respectively, modi-
fied pulsed electrical signal P’ may be applied to a switching
element comprised within the power stage 10 in order to enable

an alternating current flow through the induction element.

In order to determine the power provided by the power stage 10
to a piece of cookware placed above the induction element of the
power stage 10, the induction hob 1 comprises a measurement unit
12. According to an embodiment, the measurement unit 12 is cou-
pled with the bridge rectifier 13 for receiving information re-
garding the amount of current flowing through the power stage
10. Thereby, the sum of power provided by all power stages 10
can be monitored because said power stages 10 may be powered by
a single bridge rectifier 13. According to other embodiments,
the measurement unit 12 is coupled with the power stage 10, spe-
cifically with the emitter path of the switching element com-
prised within the power stage 10 in order to receive information
regarding the amount of current flowing through said switching
element. So, due to the association of one or more switching el-
ements to a certain power stage 10, the power provided by a cer-

tain power stage 10 to a piece of cookware can be determined.

The measurement unit 12 is configured to receive an input signal
IS, said input signal IS being indicative for the power, specif-
ically, for the amount of current being provided to the power
stage 10 and derive a measurement signal MS based on the input
signal IS. The measurement unit 12 is further coupled with the
control unit 11 in order to provide said measurement signal MS
to the control unit 11. The measurement unit 12 is configured to
derive a measurement signal MS which can be directly processed

by the control unit 11, i.e. the values of the measurement sig-

9
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nal MS are adapted to the value range directly processible by
the control unit 11. For example, the control unit 11 may be
adapted to receive voltage values in the range of 0V to 5HV.
Therefore, the measurement unit 12 may be adapted to provide
measurement signals MS with voltage values within upper-

mentioned voltage range.

Fig. 3 shows the driver unit 14, the power stage 10 and the
bridge rectifier 13 in closer detail. The driver unit 14 re-
ceives the pulsed electrical signal P at the input port Il. The
driver unit 14 comprises an electrical circuitry configured to
adapt the received pulsed electrical signal P according to the
needs of the power stage 10. For example, the driver unit may
amplify the received pulsed electrical signal P and/or may
change the signal 1level of the pulsed electrical signal P by
adding a certain offset voltage value to said received pulsed
electrical signal P 1in order to derive said modified pulsed
electrical signal P’'. Said modified pulsed electrical signal P’
may be provided to the gate of the switching element 20. Said

switching element 20 may be, for example, an IGBT.

The collector of the switching element 20 may be coupled via a
filtering circuitry (comprising one or more capacitors) to an
oscillating circuit 23, said oscillating circuit 23 comprising
the induction element 21 and a capacitor 22. The power stage 10
may comprise a quasi-resonant power stage architecture. On the
opposite side of the capacitor 22, the induction element 21 may
be coupled with the bridge rectifier 13 in order to power the
oscillating circuit 23 by means of the mains supply network. By
enabling a current flow through the switching element 20 using
the modified pulsed electrical signal P’, an alternating current
flow through the induction element 21 is obtained which induces
eddy currents in a piece of cookware placed above the induction

element 21 thereby providing heat to said induction element 21.

10
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In order to determine the power, specifically, the amount of
current provided by the bridge rectifier 13 to the power stage
10, the induction hob 1 comprises a shunt resistor Reshune. Said
shunt resistor Rshunt 1s coupled on the one hand with the negative
port of the bridge rectifier 13, i.e. the node of the bridge
rectifier 13 at which the anodes of two adjacent diodes are di-
rectly coupled. On the other hand, the shunt resistor Rshunt 1S
further coupled with ground. The voltage drop over the shunt re-
Sistor Rshunt 1s indicative for the electric current provided by
the bridge rectifier 13 to the power stage 10 and might be used

as input signal IS of the measurement unit 12.

Fig. 4 shows a further embodiment of a circuitry including the
driver unit 14, the power stage 10 and the bridge rectifier 13
similar to fig. 3. So, in the following only different technical
features of the embodiment of fig. 4 are explained. Apart from
that, reference is made to the description of technical features
of the circuitry according to fig. 3. The main difference be-
tween the circuitries of fig. 3 and fig. 4 is the arrangement of
the shunt resistor Rshunt. According to the circuitry of Fig. 4,
the shunt resistor Rsnunt 15 included in the emitter path of the
switching element 20. Thereby, it is possible to determine the
current (based on the voltage drop over the shunt resistor Rshunt)
flowing through the switching element 20. Said current value is
a measure for the power provided from the induction element of
the power stage 10 to the piece of cookware placed above said
induction element. Due to the integration of the shunt resistor
into the power stage, the power provided by each power stage can

be determined separately.

In case that the tolerance of the nominal value of the shunt re-
sistor Rshunt is high (e.g. 5%), the power value derived by meas-—
uring the voltage drop over said shunt resistor Rshunt also has a

high error deviation, i.e. the determined power value i1s not

11



10

15

20

25

30

35

WO 2016/177583 PCT/EP2016/058880

precise but shows also a inaccuracy which may be not acceptable

for power control purposes.

Fig. 5 illustrates a method 100 for running an induction hob
calibration, specifically an automatic induction hob calibra-
tion. Said calibration may be a factory calibration performed in
production plant after at least partially assembling the induc-

tion hob 1.

First, the induction element 21 is coupled with a reference load
(5110). Said reference load may be made of a ferromagnetic mate-
rial and may comprise predetermined load properties in order to
constitute a calibration load. For example, the reference load
may be placed on the heating zone 2 which is associated with

said induction element 21.

After coupling the induction element 21 with the reference load,
the power stage 10 including the induction element 21 coupled
with the reference load is powered (S120). Specifically, the in-
duction element 21 is powered at predefined working conditions
by means of the control unit 11 and the driver unit 14. Said
predefined working conditions may cause a preset transfer of
electric power to the induction element 21. The predefined work-
ing conditions may specify a certain electrical signal P or a
certain modified certain electrical signal P’, for example, with

a certain pulse duration and a certain pulse amplitude.

When powering the power stage 10 at predefined working condi-
tions, a measurement value is derived, said measurement wvalue
being indicative for the power transferred from the induction
element 21 to the reference load (S130). Said measurement value
may be derived at a shunt resistor Rsmunt, 1.e. the measurement
value may be a voltage value indicating the voltage dropping at
said shunt resistor Renunt. As shown in fig. 3 and 4, the shunt

resistor Rshunt may be included in the emitter path of the switch-

12
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ing element 20 or may be coupled with the bridge rectifier 13.
Alternatively, the measurement value may be obtained by the
measurement unit 12 based on the voltage dropping at the shunt

resistor.

Following up, the measurement value is provided to the control
unit 11 (S140). The control unit 11 may start a calibration rou-
tine based on said measurement value. For example, the control
unit 11 may compare the measurement value with a reference val-
ue. Said reference value may be stored in a storage entity cou-
pled with the control unit 11. The reference value may be ob-
tained as a measurement value if the real value of the shunt re-
sistor Rshunt 1s the nominal value of the shunt resistor Rshunt,
i.e. the resistance value of the shunt resistor Rshunt does not
deviate from its nominal value (error deviation 0%) and the in-

duction element is coupled with the reference load.

Based on the measurement value and the reference value, the con-
trol unit 11 may calculate a correction wvalue (S150). For exam-
ple, the correction value may be the ratio between the measure-
ment value and the reference value. Due to the proportional de-
pendency of the measurement value from the resistance value of

the shunt resistor Rshunt, the correction value indicates the ra-
tio between the real resistance value of the shunt resistor Rshunt

and its nominal value.

Finally, the correction value 1is stored in a storage entity cou-
pled with the control unit 11 (S160). The control unit 11 may
have access to said storage entity in order to read out said
correction value from the storage entity and modify measurement
values derived when operating the induction hob 1 (e.g. after
putting the induction hob into operation by a user) based on
said correction value. For example, a measurement value may be

multiplied with the correction value in order to obtain a modi-

13
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fied measurement value. Thereby, a calibration of the power con-

trol loop included in the induction hob is obtained.

It is worth mentioning that upper-mentioned calibration routine
has to be performed for each shunt resistor Rsnunt separately,
i.e. for each shunt resistor Rsmunt @ correction value is deter-
mined and stored for calibrating the power measurement performed

by using said shunt resistor Rshunt.

Fig. 6 illustrates a method 200 for measuring the power trans-
ferred to a piece of cookware. First the power stage 10 is pow-
ered (S210) in order to transfer power from the induction ele-
ment 21 to a piece of cookware placed above the induction ele-
ment 21. During said powering, at least one measurement value 1is
provided to the control unit 11 (S220). Said measurement value
is indicative for the power transferred to the piece of
coockware. Preferably, measurement values may be continuously
provided to the control unit 11 in order to continuously monitor
the power level. As already mentioned before, the measurement
value may be derived at a shunt resistor Rshunt, i.e. the measure-
ment value may be the voltage dropping at said shunt resistor
Rshunt, ©Or the measurement value may be provided by the measure-
ment unit by adjusting the voltage measured at the shunt resis-

tor.

The control unit may be adapted to calculate a power value based
on said measurement value and a correction value (S230). The
power value may be indicative for the actual power transferred
from the power stage 10 to a piece of cookware. The correction
value may have been obtained during calibrating routine and may
be stored in a storage entity. For example, a modified measure-—
ment value may be calculated based on the measurement value. The
modified measurement value may be, for example, the measurement

value multiplied with/divided by the correction value. The power

14
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value may be calculated based on said modified measurement val-

ue.

Finally, said power value may be used for controlling the power
transferred from the power stage 10 to the piece of cookware
(5240). In other words, the power control of the induction hob 1
may use a modified measurement value for controlling the power

transferred to the piece of cookware.

Fig. 7 shows an example circuitry comprised within the measure-
ment unit 12. Said measurement unit circuitry may be used for
the circuitries according to fig. 3 and 4. The measurement unit
12 solely comprises discrete components like resistors, capaci-
tors and transistors, i.e. there are no integrated circuits,
e.g. operational amplifiers etc. The measurement unit 12 com-
prises two transistors T1l, T2 which are coupled in a current-
mirror-circuit-like manner. The measurement unit 12 further com-
prises an input for receiving the input signal IS. Said input
signal is received at the emitter path of the first transistor
Tl. The transistors may be, for example, bipolar transistors of
an n-p-n type. The measurement unit 12 is powered by a supply

voltage Vcc, wherein Vecc is, for example, 5V.

The collector of the first transistor Tl is coupled with the
supply voltage Vcc via a first collector resistor Rcl. The emit-
ter path of said first transistor Tl comprises a first emitter
resistor Rel and an emitter capacity Ce, wherein the first emit-
ter resistor Rel is coupled at a first contact with the emitter
of the first transistor Tl and at a second contact with the
emitter capacity Ce. The emitter capacity Ce is coupled at a
further contact opposite to the first emitter resistor Rel with
ground. In other words, the first emitter resistor Rel and the
emitter capacity Ce are serially coupled within the emitter path

of the first transistor T1.
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The second transistor T2 also comprises a collector path and an
emitter path. The collector path comprises a second collector
resistor Rc2, the second collector resistor Rc2 being coupled
with one resistor contact with the supply voltage Vecc and with
the further contact with the collector of the second transistor
T2. The measurement signal MS may be derived at the collector of
the second transistor T2, i.e. at the node between the collector
of the second transistor T2 and the second collector resistor
Rc2. In the emitter path of the second transistor T2, a second
emitter resistor Re2 is arranged wherein the emitter of the sec-—
ond transistor T2 is coupled with ground via said second emitter

resistor ReZ2.

Furthermore, the bases or gates (in case of using field effect
transistors) are directly coupled with each other, i.e. coupled
via an electrical connection without any electrical device. In
addition, there is also a direct electrical connection (without
any electrical device) between the collector and the base or
gate of the first transistor Tl. Thereby, the voltage applied to
the collector of the first transistor Tl is equal to the voltage
applied to the bases or gates of the first and second transistor

Tl, T2.

For deriving the measurement signal MS based on the input signal
IS, the input of the measurement unit 12 is coupled with node 25
between the bridge rectifier 13 and the power stage 10. Keeping
in mind the flow direction of the electric current through the
shunt resistor Rsmnt, the voltage Urshunt 1S negative. Thereby, al-
so the input signal IS comprises a negative voltage with respect
to ground level. So, in case that the current flowing through
the bridge rectifier 13 is rising, the voltage Usrshunt 1S also ris-—
ing, i.e. the voltage at node 26 between the first emitter re-
sistor Rel and the emitter capacity Ce is increasing in the neg-
ative range. Thereby, also the current flowing through the first

transistor Tl is rising.
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Due to the upper-mentioned coupling of the first and second
transistor T1l, T2, the rising of the electric current flowing
through the first transistor Tl may cause a rising current flow
through the second transistor T2. The rising current flow
through the second transistor T2 causes a rising voltage at the
collector of said second transistor T2, i.e. the measurement

signal MS also shows a rising voltage.

Conversely, a decreasing current flow through the bridge recti-
fier 13 may cause a reduced current flow through the second
transistor T2 and therefore may cause a decreasing voltage at
the collector of said second transistor T2, i.e. the measurement

signal MS also shows a decreasing voltage.

Due to switching the switching element 20 based on the pulsed
electrical signal P and the high currents flowing through the
induction element 21, the current measurement within the meas-
urement unit 12 is very noisy, i.e. the input signal IS may vary
due to parasitic side effects which may worsen the measurement
results provided by the measurement unit 12. In order Lo sup-
press said noise, the measurement unit 12 comprises several ca-
pacitors which suppress said input signal fluctuations and/or
measurement signal fluctuations. At the input of the measurement
unit 12 signal fluctuations of the input signal IS maybe sup-
pressed by the emitter capacitor Ce comprised within the emitter
path of the first transistor Tl. As already mentioned above, the
emitter capacitor Ce may be arranged between the first emitter
resistor Rel and ground. Thereby, the emitter capacitor Ce is
connected in parallel to the shunt resistor Rshunt. In addition,
at the input of the measurement unit 12, a collector capacitor
Cc may be provided which connects the input of the measurement
unit 12 with the collector of the first transistor Tl. Said
emitter capacitor Ce and said collector capacitor Cc may lower

signal fluctuations of the input signal IS.
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Furthermore, the measurement unit 12 comprises a low pass filter
24, saild low pass filter 24 being provided at the output of the
measurement unit 12, i.e. th elow pass filter is connected with
the collector path of the second transistor T2. For example, the
low pass filter 24 comprises a resistor Rf and a capacitor Cf
forming a passive first-order low pass filter. Of course, also
other low pass filters may be used. By means of said low pass
filter 24, a smoothing of the measurement signal MS is achieved.
In other words, the low pass filter 24 provides an averaged
measurement signal MS thereby filtering out high-frequency sig-
nal fluctuations. For example, the low pass filter 24 may be
chosen such that the variations of the measurement signal MS are

very slow with respect to the timing of the control unit 11.

It should be noted that the description and drawings merely il-
lustrate the principles of the proposed methods and systems.
Those skilled in the art will be able to implement various ar-
rangements that, although not explicitly described or shown

herein, embody the principles of the invention.
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List of reference numerals

1 induction hob

2 heating zone

3 user interface

10 power stage

11 control unit

12 measurement unit
13 bridge rectifier
14 driver unit

20 switching element
21 induction element
22 capacitor

23 oscillating circuit
24 low-pass filter

25 node

26 node

100 calibration method

5110-S160 calibration method steps
200 power measuring method

5210-5240 power measuring method steps

Cc collector capacitor

Ce emitter capacitor

Ct capacitor

I1 input

IS input signal

MS measurement signal

P pulsed electrical signal
P’ modified pulsed electrical signal
Rcl first collector resistor
Rc2 second collector resistor
Rel first emitter resistor
Re?2 second emitter resistor
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Rf
Rshunt
T1

T2
Urshunt

\ele

resistor

shunt resistor
first transistor
second transistor
voltage over Rshunt

supply voltage
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Claims

1.

Method for calibrating a power control loop of an induction
hob (1), the induction hob (1) comprising a power stage (10)
including at least one induction element (21), a measurement
unit (12) and a control unit (11), the method comprising the
Steps of:

— coupling the at least one induction element (21) with a
reference load;

— powering the power stage (10) at predefined working
conditions by means of said control unit (11);

— deriving a measurement value being indicative for the
power transferred from the power stage (10) to the ref-
erence load by means of said measurement unit (12);

— providing the measurement value to the control unit
(11);

— calculating a correction value based on the measurement
value and a reference value;

— storing the correction value in a storage entity in or-
der to modify measurement values provided by the meas-
urement unit (12) based on the correction value when

operating the induction hob (1).

Method according to c¢laim 1, wherein the measurement value is
derived based on the voltage drop at a shunt resistor (Rshunt)

being coupled with an arm of a bridge rectifier (13).

Method according to c¢laim 1, wherein the measurement value is
derived based on the voltage drop at a shunt resistor (Rshunt)
being coupled with a switching element (20), specifically an

insulated-gate bipolar transistor IGBT.

Method according to claim 2 or 3, wherein the voltage drop

measured at a shunt resistor (Rshunt) 1S received by the meas-—
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urement unit (12), the measurement unit (12) providing the

measurement value based on said voltage drop.

Method according to anyone of the preceding claims, wherein
the reference value 1is stored in a storage entity, the stor-

age entity being accessible by the control unit (11).

Method according to anyone of the preceding claims 2 to 5,
wherein the reference value corresponds to a measurement val-
ue provided by the measurement unit (12) based on a voltage
drop over the shunt resistor (Rsnunt) having a nominal re-
sistance value when powering the power stage (10) at prede-
fined working conditions and coupling the induction element

(21) with said reference load.

Method according to anyone of the preceding claims, wherein
the correction value i1s the ratio between the measurement

value and the reference value.

Method for controlling the power transferred from a power
stage (10) to a piece of cookware in an induction hob (1),
the induction hob (1) comprising at least one induction ele-
ment (21) included in said power stage (10), a measurement
unit (12) and a control unit (11), the method comprising the
Steps of:

— powering the power stage (10) thereby transferring pow-
er to a piece of cookware placed above the induction
element (21);

— deriving a measurement value being indicative for the
power transferred from the power stage (10) to the
piece of cookware by means of said measurement unit
(12);

— calculating a power value indicative for the power

transferred to a piece of cookware based on the meas-
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10.

11.

12.

13.

urement value and a correction value by means of the
control unit (11), the correction value being stored in
a storage entity being accessible by said control unit;
and

— controlling the power transferred to the piece of

cookware based on the power value.

Method according to c¢laim 8, wherein the control unit (11) is
a software-based control unit comprising at least one pro-

cessing entity, said processing entity modifying measurement
values provided by the measurement circuit based on the cor-

rection value.

Method according to c¢laim 8 or 9, wherein the measurement
value 1is derived based on the voltage drop at a shunt resis-
tor (Rshunt) being coupled with an arm of a bridge rectifier

(13).

Method according to c¢laim 8 or 9, wherein the measurement
value 1is derived based on the voltage drop at a shunt resis-
tor (Rshunt) being coupled with a switching element (20), spe-

cifically an insulated-gate bipolar transistor IGBT.

Method according to claim 10 or 11, wherein the voltage drop
measured at a shunt resistor (Renunt) 1S received by the meas-
urement unit (12), the measurement unit (12) providing the

measurement value based on said voltage drop.

Induction hob comprising a power stage (10) with at least one
switching element (20) for enabling an alternating current
flow through an induction element (21), a control unit (11)
for controlling the current flow through the induction ele-
ment (21) and a measurement unit (12), the measurement unit

(12) being adapted to provide a measurement value to the con-
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14.

15.

trol unit, the measurement value being indicative for the
power transferred from the induction element (21) to a piece
of cookware placed above the induction element (21), wherein
the control unit (11) is coupled with a storage entity, the
storage entity storing a correction value determined during a
calibration routine, wherein the control unit (11) is adapted
to modify the measurement value based on the correction value
and deriving a power value based on the modified measurement
value and wherein the control unit (11) is adapted to control
the power transferred to the piece of cookware based on the

power value.

Induction hob according to claim 13, wherein the control unit
(11) is a software-based control unit comprising at least one
processing entity, said processing entity being adapted to

modify measurement values provided by the measurement circuit

based on the correction value.

Induction hob according to claim 13 or 14, wherein the stor-

age entity comprises a non-volatile data storage.
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