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A technique for calculation and design of main structural elements of household induction cookers – inductors
and magnetic cores is proposed. The technique consists of two stages. The first stage has been developed
on the basis of engineering methods for calculating copper inductors of industrial induction heaters, taking
into account the design features and operating modes of induction cookers, done in steps such as selection
of geometrical dimensions of the inductor, calculation of main electrical and energy indicators of the
inductor, calculation of the system ”inductor-dishes”, determination of the number of turns of the inductor
and calculation of the width of the turn. The second stage represents an engineering approach for the
calculation and design of magnetic cores made of MnZn ferrites, done in steps such as choice of material
for the manufacture of magnetic core rods, choice of geometric dimensions of ferrite rods, calculation of the
mass of the magnetic core and calculation of power losses in the magnetic circuit. The calculation results
and designs of the inductors and magnetic cores with respect to a number of modes of heating of dishes
of various geometric sizes are presented and analyzed. The developed techniques and the results obtained
on its base are supplemented and supported by preliminary numerical analysis of the electromagnetic field
distribution in induction cookers and heated dishes as well as by experimental research on the workbench
developed. Conceptual designs of induction cookers developed by using the proposed approaches illustrate
the techniques presented. The developed techniques can be used in the process of research and design of
structural elements of household induction cookers, as well as in the educational process for the preparation
of Bachelors and Masters in relevant educational programs.
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Introduction
Household induction cookers represent a class of
modern electrical household appliances that is relatively new but already very popular among consumers –
electrical kitchen stoves which heat metal dishes with
meal by eddy currents generated by electromagnetic
field with frequency of 20-100 kHz. The main structural
parts the induction cookers are: inductor – a oneturn or multi-turn coil, the alternating current flow
in which generates an electromagnetic field which in
its turn induces eddy currents in heated dishes with
meal; magnetic core made of ferromagnetic material
and designed to shield the electromagnetic field created
by the inductor, in order to reduce the scattering of the
field and, thus, increase the efficiency of the cooker.
Of considerable interest is the investigation of
electromagnetic and thermal processes that occur in
induction cookers during their operation, as well as
the development of techniques for calculation and
design of their main structural elements – inductors
and magnetic cores. The developed technique and the
results obtained should be intended for use in the

practice of design of household induction cookers, as
well as even in the educational process for the training
of students in the relevant field of study [1].
There are publications for example [2–5] devoted
to induction cookers’ electromagnetic and thermal
fields computations using various formulations and
approaches. However, the analysis of literary sources
in the field showed that there are no publications on
development and utilization of relatively simple and
reliable engineering techniques for calculation and design of above-mentioned household induction cookers’
structural parts to use them in the process of promising
research and design work on the development of such
appliances.
Therefore, the goal of this paper is to develop and
validate relatively simple, clear and reliable engineering
approaches for calculation and design of inductors and
magnetic cores of modern household induction cookers
and also to supplement and support them by preliminary numerical analysis of the electromagnetic field
distributions in induction cookers and heated dishes
as well as by experimental research on the workbench
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developed by authors. On this base, conceptual designs
of induction cookers are proposed.
Scientific novelty of the study is that for the first
time engineering techniques for calculating and designing the main structural elements (inductors and
magnetic cores) of household induction cookers are
developed and applied in practice, which are also based
on numerical analysis of electromagnetic field distribution and confirmed experimentally. The performed
analysis of literature sources shows that this work is
the first domestic comprehensive study on household
induction cookers. In addition, the paper focuses for
the first time on the development, validation and use of
mainly engineering approaches for the calculation and
design of inductors and magnetic cores of household
induction cookers, while the known works by other
authors [2–5] are devoted to numerical methods of
calculation and optimization of these objects.

1 Calculation and design of
inductors of household induction cookers
1.1 A technique proposed

∙ determination of the number of turns of the
inductor and calculation of the width of the turn.
Consider briefly the main stages of the calculation.
The sketch of the ”inductor-dishes” system is shown in
Fig. 1.
1) The geometrical dimensions of the inductor are
selected (see Fig. 1). The outer diameter of the inductor
𝑑12 is taken equal to the diameter of the heated surface,
i.e. the diameter of the bottom of the dishes 𝑑2 :
𝑑12 ≈ 𝑑2 .

(1)

The inner diameter of the inductor 𝑑11 is selected
by the relationship:

𝑑11 ≈ 4𝛿,

(2)

where 𝛿 denotes the gap between the inductor and the
heated dishes, which, as in the design of inductors of
industrial induction heating devices, is assumed to be
minimal, based on the presence of thermal and electrical insulation and taking into account technological
requirements. For household induction cookers, it is
fashionable to take, for example, 𝛿 = 0.01 m.
The inductor thickness 𝛿1 is selected from the condition for minimizing losses:

𝛿1 ≥ 1.3∆1 ,

(3)

where ∆1 denotes the penetration depth of the
electromagnetic field (skin layer thickness) into the
Due to the significant similarity of the physical
inductor material (nonmagnetic copper), calculated by
processes occurring in household induction cookers and
the well-known formula.
industrial equipment for induction heating of metals,
the proposed technique has been developed on the
basis of engineering methods for calculating inductors
of industrial induction heaters [6] taking into account
the design features and operating modes of induction
cookers.
Initial data for engineering calculations and design
are:
∙ geometry (diameter of the bottom, wall thickness)
of the heated dishes (pans, pots);
∙ temperature-dependent electrophysical properties
of the material of the dishes;
∙ electromagnetic field frequency and inductor
voltage;
∙ power released in heated dishes and heating
temperature.
Following [6] the main steps of the calculation and
design of induction cookers’ inductors are:
∙ selection of the main structural parameters of the
inductor (outer and inner diameters of the inductor,
the gap between the inductor and the dishes, the
Fig. 1. A sketch of the ”inductor-dishes” system:
thickness of the inductor);
1 – inductor; 2 – heated dishes; 3 – ferrite core
∙ calculation of electrical and energy indicators
2) The main electrical and energy indicators of
(specific surface power in the dishes, magnetic field
strength on the surface of the inductor and di- the inductor and the system ”inductor-dishes” are
shes, coupling coefficient, active and reactive power calculated. The specific surface power in the dishes 𝑝02
in the inductor and in the gap, total power of is determined by the formula:
the inductor-dishes system, electrical efficiency, power
4𝑃2
𝑝02 =
,
(4)
2
factor, current in the inductor, fill factor, etc.);
𝜋(𝑑12 −𝑑211 )
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where 𝑃2 denotes the given in initial data power
released in heated dishes.
The magnetic field strength 𝐻02 on the surface of
the heated dishes is calculated by the formula:
√︃
𝑝02 · 103
,
(5)
𝐻02 =
𝜌2 𝜇2 𝑓 𝐹2
where 𝜌2 denotes the electrical resistivity of the steel
of the dishes at the given maximum temperature
of its heating 𝑇2 , 𝜇2 is the calculated value of the
magnetic permeability of the dishes’ steel at the given
temperature 𝑇2 , 𝐹2 is the correction factor.
Then, the coupling coefficient 𝑘12 is determined,
which in fact represents the transformation coefficient
under the assumption that the inductor and heated dishes are windings of an air transformer. The calculation of the coupling coefficient is performed using the
corresponding expression.
The magnetic field strength on the surface of the
inductor 𝐻01 is determined by the expression:

𝐻01 =

𝐻02
.
𝑘12

(6)

Then, the active power in the inductor 𝑃1 is
calculated:
2
𝑃1 = 𝜋 · 𝐻01

𝑑212 −𝑑211 √︀
1
𝜌1 𝑓 𝐹1 ,
4
𝑘f

(7)

where 𝜌1 denotes the electrical resistivity of the material of the inductor (copper), 𝑘𝑓 the fill factor of the
inductor, taking into account the presence of interturn
insulation which is preselected (usually 𝑘𝑓 = 0.85 −
0.95), 𝐹1 the correction factor.
Reactive powers in the inductor 𝑃𝑄1 , in the dishes 𝑃𝑄2 and in the gap 𝑃𝑄3 are determined by the
formulas:
𝐺1
𝑃𝑄1 = 𝑃1
;
(8)
𝐹1

𝑃𝑄2 = 0.6𝑃2

𝐺2
,
𝐹2

(9)

where 𝐺1 , 𝐺2 , 𝐹1 , 𝐹2 denote correction factors;
2
𝑃𝑄3 = 𝜋 · 𝐻01
𝑓 𝛿𝑑212 .

(10)

Then, the active 𝑃Σ and reactive 𝑃𝑄Σ powers of the
”inductor-dishes” system as the sum of the corresponding powers as well as the total power of the system 𝑃𝑆Σ
are determined:
√︁
2 .
𝑃𝑆Σ = 𝑃Σ2 + 𝑃𝑄Σ
(11)
Then the calculation of the electrical efficiency 𝜂
and power factor 𝑐𝑜𝑠𝜙 is carried out:

𝜂=

𝑃2
;
𝑃Σ

(12)
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cos 𝜙 =

𝑃Σ
.
𝑃𝑆Σ

(13)

The calculation of the current in the inductor 𝐼1 is
performed by the formula:

𝐼1 =

𝑃𝑆Σ
,
𝑈1

(14)

where 𝑈1 denotes the given voltage on the inductor.
3) The determination of the number of turns of the
inductor and the calculation of the width of the turn
are carried out.

The number of turns of the inductor
𝑤1 is calculated by the formula:

𝑤1 =

𝐻01 · 0.5(𝑑12 −𝑑11 )
√
,
2𝐼1

(15)

and the width of the coil with insulation 𝑏1 is determined as:
𝑑12 −𝑑11
.
(16)
𝑏1 =
2𝑤1

1.2 Initial data for calculations
In this work, the inductors of induction cookers for
two variants of the initial data presented in Tab. 1 are
calculated and designed. It is assumed that the dishes
heated is a pot made of Steel 45 grade.
Tab. 1 Initial data for calculation and design of
inductors
Option number

Diameter of the
bottom of the
dishes 𝑑2 , m
Wall thickness
of the dishes 𝛿2 , m
Electrical resistivity
of steel of dishes at
20∘ С 𝜌, Ω·m
Dishes heating
temperature 𝑇2 , ∘ С
Electrical
resistivity
of steel of dishes at
given temperature
𝑇2 for heating
dishes 𝜌2 , Ω·m
Frequency of the
electromagnetic
field 𝑓 , kHz
Inductor voltage
𝑈1 , V
Power released
in the dishes 𝑃2 , W
Presence of
a reactive power
compensator

1

2

0.12

0.24

0.003

0.004

18.9·10−8
100

23.8·10−8

18.9·10−8
280

38.16·10−8

100

20

220

220

2000

3300

+

+
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The calculations are carried out for large and small Tab. 2 Results of calculation
diameter pans (24 cm and 12 cm, respectively) for the
Option number
minimum (20 kHz) and maximum (100 kHz) frequenciOuter diameter
es of the electromagnetic field, used in modern inductiof the inductor 𝑑12 , m
on cookers [1]. According to the technical characteriInner diameter
stics of induction cookers, the power released in the
of the inductor 𝑑11 , m
dishes (2.0 kW and 3.3 kW), as well as the temperature
Gap between
of heating the dishes (100∘ C and 280∘ C), also vary.
the inductor
Thus, in this paper, two inductors (of large and small
and the dishes 𝛿 , m
diameters for heating of the corresponding dishes)
Inductor
are calculated and designed for use either in the
thickness 𝛿1 , m
corresponding single-ring induction cookers, or in one
Specific surface
double-ring cooker with rings of different diameters.
power in the
dishes 𝑝02 , W/m2
Magnetic field
1.3 Results of calculations and their
strength on the
analysis
surface of the
dishes 𝐻02 , A/m
The results of the calculation of inductors for both
Magnetic field
variants of the initial data are presented in Tab. 2. We
strength on the
analyze briefly the results obtained.
surface of the
The basic geometric dimensions of the ”inductorinductor 𝐻01 , A/m
dishes” system are calculated (see Fig. 1). The outer
Coupling
diameter of the inductor is taken equal to the diameter
coefficient 𝑘12
of the heated surface (diameter of the pan). The gap
Active power
between the inductor and the dishes is tentatively
in inductor 𝑃1 , W
assumed to be 1.0 cm (0.01 m) and will be specified
Reactive power
in the design process of the induction cooker, based on
in the inductor
the presence of thermal and electrical insulation, taking
𝑃𝑄1 , VAr
into account the features of the technological process
Reactive power in the
of assembling the cooker.
dishes 𝑃𝑄2 , VAr
Given in Tab. 2 the values of the inductor thickness
Reactive power
calculated for both variants of the initial data are the
in the gap 𝑃𝑄3 , VAr
minimum values that will also be refined during the
Active power of the
designing the inductor. Among the calculated electric
”inductor-dishes”
and energy quantities, the electric efficiency of the
system 𝑃Σ , W
induction cooker is of most interest. The calculated
Reactive power of the
values of the efficiency (about 50-70%, see Tab. 2 and
”inductor-dishes”
section 4) are in good agreement with the results of
system 𝑃𝑄Σ , VAr
experiments performed at the experimental workbench
Total power of the
developed by the authors [7] for household inducti”inductor-dishes”
on cooker type VES V-HP6 (59-70% depending on
system 𝑃𝑆Σ , VA
the selected mode of heating of the pot with water).
Electrical
We also note that the measured values of the power
efficiency 𝜂
factor are in the range of 0.98-1.00, in contrast to
Power factor
the calculation results (about 0.80, see Tab. 2 and
𝑐𝑜𝑠𝜙
section 4). This may be because the reactive power
Inductor
compensator is probably used in the structure of the
current 𝐼1 , A
induction cooker.
Number of turns
The designs of a 2-turn and a 12-turn inductor
of the inductor 𝑤1
calculated (the initial data and the results obtained —
Width of coil
see Tab. 1, 2, options 1 and 2, respectively) are
with insulation 𝑏1 , m
presented in Fig. 2.

and design of inductors
1

2

0.12

0.24

0.04

0.04

0.01

0.01

0.29·10−3

0.5·10−3

1.99·105

7.5·104

1.55·104

0.99·104

6.596·104

4.213 ·104

0.235

0.253

2.058·103

1.49·103

2.058·103

1.49·103

1.2·103

1.98·103

0.098·103

0.161 ·103

4.058·103

4.79·103

3.258·103

3.47·103

5.204·103

5.915 ·103

0.493

0.689

0.78

0.81

23.655
2
0.02

26.886
12
0.0083

Household Induction Cookers: Calculation and Design of Structural Elements

65

Magnetic cores of household induction cookers are
made of modern magnetic materials – ferrites [8–11]. In
the literature there is no information about the brands
of ferrites used for the production of magnetic core
rods of household induction cookers. The analysis of
the information given on the sites of suppliers of the
corresponding production allows to draw a conclusion
Fig. 2. Designs of 2-turn (a) and 12-turn (b) inductors that cores of magnetic conductors of household inductiof the household induction cooker
on cookers are made of MnZn ferrites. The properties of
these ferrites of different brands are given, for instance,
in [12, 13].
The purpose of calculation and design of the
magnetic core is the choice of material for its
manufacture, determination of geometric and mass
parameters of the magnetic core, as well as losses in it
during operation of the plate. The following sequence
2.1 A technique proposed
of solving the problem is proposed.

2 Calculation and design of
magnetic cores of household
induction cookers

The most common type of magnetic core of induction cookers is a system of rods of rectangular crosssection, located under the inductor of the cooker and
made of modern ferromagnetic material – ferrite of
the appropriate brand with the desired electrophysical properties [8–11]. The corresponding structural
elements of the induction cooker are shown in Fig. 3
[8–10].
Figure 3, a shows a ferrite magnetic core in the form
of eight rods of rectangular cross-section, located under
the inductor [8,9]. Another number of rods is also used
(usually even from 6 to 12, Fig. 3, b) [10, 11].

Fig. 3. Main structural elements of induction cookers:
(a): 1 – heated dishes (frying pan); 2 – cooking surface;
3 – electrical insulation (mica); 4 – inductor; 5 – ferrite
magnetic core; 6 – aluminum plate [8, 9]; (b): 1 –
glass-ceramic cooking surface; 2 – inductor; 3 – ferrite
magnetic core; 4 - heated dishes (saucepan) [10].

1)

The choice of material for the manufacture of

magnetic core rods.

As mentioned above, the rods of magnetic cores
of household induction cookers are made of MnZn
ferrites. In [12] the main properties (initial magnetic
permeability, saturation magnetic flux density, loss
volume density at the conditions of its definition
specified in [12], Curie temperature, electrical resistivity) of the specified ferrites are presented. Based
on the given information, it is possible to pre-select
the brand of MnZn ferrite focusing primarily on the
range of operating frequencies (current frequency in
the inductor of the induction cooker – 20-100 kHz)
and, if possible, a small loss volume density. Therefore,
among the ferrites for low and medium frequencies (10300 kHz) we can select, for example, a new material
PC95 manufactured by TDK Corporation, which meets
these requirements.
Detailed description, characteristics and properties of MnZn ferrites produced by TDK Corporation
are given by the manufacturer in [13]. This document
confirms that the selected ferrites can be used in
various electronic and electrical devices, including devices for electric heating. In addition to the values
given in [12], the document [13] provides the most
detailed information on the properties of the respective materials: it additionally gives density, coercive
force, remanent flux density, as well as in graphical
form the main magnetization curves 𝐵(𝐻) at different
temperatures, the dependence of magnetic permeability on temperature and frequency, the dependence
of the loss volume density on the amplitude of the
magnetic flux density 𝐵𝑚 , temperature and frequency.
This detailed information is used in the subsequent
stages of the calculation of the magnetic core of the
household induction cooker.
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2)

rods, the calculation of the mass of the magnetic core.

of the distribution of the electromagnetic field of the
induction cooker (see section 5).

where 𝑑12 , 𝑑11 are the outer and inner diameters of the
cooker’s inductor, respectively.
The mass of the magnetic core 𝑚 is calculated as:

Fig. 4. Dependencies of the loss volume density on
the magnetic flux density of the PC95 MnZn ferrite
manufactured by TDK Corporation [13]

The choice of geometric dimensions of ferrite

In the process of designing magnetic cores in the
form of ferrite rods of rectangular cross-section, located
under the inductor [8–11], when choosing the geometry
of ferrite rods of magnetic cores of induction cookers,
we should focus on the range of relevant products
on the market. According to the relevant catalogs, it
is possible to purchase ferrite rods with cross-section
ℎ × 𝑏 = 5 mm × 15 mm = 5·10−3 m × 15 ·10−3 m, where
ℎ, 𝑏 are the height and thickness of the rod, respectively. The length of the rod 𝑙 is determined by the
formula:
𝑙 = 0.5(𝑑12 −𝑑11 ),
(17)

𝑚 = 𝜌𝑉 𝑁,

(18)

where 𝜌 is the density of the material of the rods; 𝑁 is
the number of rods of the magnetic core of the cooker;
𝑉 is the volume of one rod:

𝑉 = ℎ𝑏𝑙.

(19)

Formula (19) can be applied when in the magnetic
core of an induction cooker rods of ”traditional”
geometry shown in Fig. 3, a [2,3] are used. When using
rods tapered in the direction of the inner diameter of
the inductor (in order to obtain a kind of concentrators Fig. 5. Magnetization curves of the PC95 MnZn ferrite
of the electromagnetic field [10, 11], see Fig. 3, b), the
manufactured by TDK Corporation [13]
volume of the rod is calculated accordingly.
3)

Calculation of power losses in the magnetic

circuit.

Losses 𝑃𝐶 in the ferrite rods of the magnetic core
are calculated by the formula:

𝑃𝐶 = 𝑝*𝑐𝑣 𝑉 𝑁,

(20)

where 𝑝*𝑐𝑣 is the loss volume density which should
be determined using graphs (dependence of the loss
volume density on the amplitude of magnetic flux
density 𝐵𝑚 , frequency and temperature) for the
corresponding brand of ferrites under appropriate
operating conditions (specific values of magnetic flux
density amplitude 𝐵𝑚 , frequency and temperature).
The required graphic information (see Fig. 4) is given,
for example, in [13]. In the absence of this detailed
information, it is possible to use the 𝑝𝑐𝑣 values given
in [12] for ”fixed” conditions (e.g., magnetic flux density amplitude 200 mT, frequency 100 kHz, temperature
100∘ С), but this can lead to errors in power losses
calculations.
It should be note that the manufacturer also
provides graphic information on the material’s main
magnetization curves 𝐵(𝐻) at different temperatures
(Fig. 5) to be used in the process of numerical analysis

2.2 Initial data and results of calculations
Calculations of ferrite magnetic cores are carried
out on the examples of two variants of inductors (see
previous section of the paper, Fig. 2). The initial data
for the calculations are given in Tab. 1, 2. Dishes
(frying pans of different diameters and with different
wall thicknesses) are heated to temperatures specified
in Tab. 1 at different current frequencies in the inductor
of the induction cooker.
It is intended to use the magnetic cores in the
form of 8 ferrite rods of the corresponding geometrical
sizes. The material of the rods is MnZn ferrite of the
new brand PC95 manufactured by TDK Corporation,
the detailed properties of which are given in [13]. The
cross-section of the rods 5 mm × 15 mm is selected in
accordance with the product catalog.
The calculations are carried out by (17)-(20).
Separately, let us describe the determination of the
value 𝑝*𝑐𝑣 – the loss volume density which is found
using graphs (dependence of the loss volume density on
the amplitude of magnetic flux density 𝐵𝑚 , frequency
and temperature, see Fig. 4) for the corresponding
grade of ferrite under appropriate operating conditions
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(specific values of magnetic flux density amplitude 𝐵𝑚 ,
frequency and temperature) [13]. Using the appropriate
graphs presented in Fig. 4, we find the values of 𝑝*𝑐𝑣
for frequencies of 100 kHz and 20 kHz (according to
both calculation options), temperature 60∘ С (assuming
that the magnetic core in the operation of the cooker
is heated approximately to this temperature) and the
amplitude of the magnetic flux density 𝐵𝑚 on the
surface of the magnetic core. Regarding the value of
𝐵𝑚 , in accordance with the results of the previously
performed computer simulation of the distribution of
the electromagnetic field of the induction cooker (see
section 5), we assume it to be approximately 0.125 T.
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mass of the whole structure (mass of one-ring induction
cookers available for sale is from 2.3 kg).
Figure 6 shows the main structural elements of an
induction cooker with a two-turn inductor and 8 ferrite
rods designed according to the techniques developed by
the authors.

2.3 Results of calculations and their
analysis
The results of the calculation of magnetic core are
given in Tab. 3.
Tab. 3 Results of calculation and design of the magnetic
core
Option number

Number of
ferrite rods 𝑁
Cross-section
of ferrite rods
ℎ × 𝑏, m
Length
of the rod 𝑙, m
Volume
of the rod, m3
Density
of the material
of the rods,
kg/m3 [13]
Mass of the
magnetic core, kg
Amplitude of the
magnetic flux
density 𝐵𝑚 , T [1]
Loss volume
density
𝑝*𝑐𝑣 , W/m3 [13]
Power losses
in the magnetic
core, W

1

2

8

8

5 · 10−3 ×
15 · 10−3
0.04

Fig. 6. Conceptual design of an induction cooker with
2-turn inductor and 8 ferrite rods

3 Experimental validation of the
results obtained
5 · 10−3 ×
15 · 10−3

0.1

3·10−6

7.5·10−6

4.9·103

4.9·103

0.1176

0.294

0.125

0.125

105

2·104

2.4

1.2

Experimental investigations of the operation of the
household induction cooker type VES V-HP6 have
been carried out. Figure 7 shows a photo of its main
structural elements – inductor and magnetic core. The
photo was taken after disassembling of the induction
cooker. Some examples of experimental results obtained are presented in Fig. 8 and Tab. 4.

From the obtained results of calculations (see
Tab. 3) it can be concluded that the calculated and
designed magnetic cores should be used in the designs
of induction cookers, because:
∙ The power losses in the rods of magnetic cores
are insignificant (units of W, see Tab. 3) in comparison
Fig. 7. Magnetic core of the household induction cooker
with the active power of the system ”inductor-dishes”
type VES V-HP6
(see Tab. 2).
∙ The mass of the magnetic core (up to 300 g in the
The study of water heating rate (1 liter of water
considered examples) is small in comparison with the in a special pot for induction cookers) from the initial
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temperature of 20∘ C to the boiling point of 100∘ C at
different power of the induction cooker has been carried
out. The thermocouple of the digital thermometer was
immersed in a pot with heated water. The obtained
results are summarized in Fig. 8. It is established that
at small power of heating of water (and, accordingly,
food) in the pot, boiling is impossible. The reason
for this phenomenon is heat exchange with the environment (cooling by cool air).
The temperature of the work surface, digital display
and control panel of the induction cooker was also
measured using a pyrometer. Based on the obtained
results, it can be concluded that the induction cooker is
safe and comfortable to use in terms of low temperature
of the control panel (not exceeding 28∘ С).
Experiments to measure the electricity consumed
by the induction cooker in the process of bringing 1
liter of water to a boil included the reading of a digital
multimeter in time during operation of the induction
cooker. The results obtained are given in Tab. 4. The
following values have been measured: network voltage
𝑈 , current 𝐼 , total power consumption 𝑃 , active power
𝑄, reactive power 𝑆 , power factor 𝑐𝑜𝑠𝜙. The analysis of
the obtained results shows that at relatively low power

(up to 1 kW) the induction cooker operates in the
mode of periodic switching on the inductor. At high
power (starting from 1 kW) the inductor of induction
cooker operates in a continuous mode for providing fast
enough heating of dishes. It should also be noted that
during the operation of the induction cooker, the value
of 𝑐𝑜𝑠𝜙 is almost 1, which can be caused by the fact
that the induction cooker design includes a reactive
power compensator.

Fig. 8. Heating 1 liter of water to boiling point
depending on the power of the induction cooker

Tab. 4 Results of measurements
Measured quantities

𝑈, V
𝐼, A
𝑃 , kW
𝑄, кW
𝑆 , кVAr
𝑐𝑜𝑠𝜙

0.3
224.5
0.2
0.7
0.72
0.29
0.98

0.6
219.0
3.2
0.74
0.74
0.1
0.989

Above just a brief description and analysis of
experimental results obtained are presented. The more
important fact is that this experimental information allows to confirm results of calculation and design of induction cooker’s structural elements obtained using the technique proposed. The design of the
magnetic core of a commercially available induction
cooker, shown in Fig. 7, differs from the design options
proposed and calculated in this work (see Tab. 13), by the number of rods of the magnetic core (6
and 8, respectively) and the cross-section of each of
the magnetic core rods. Nevertheless, the total crosssectional area and the total volume of the rods of a
factory-made household induction cooker (see Fig. 7)
practically coincide with one of the proposed options
(see option 2 in Tab. 1-3). This makes it possible
and permissible to compare integral energy indicators,
namely the efficiency of these induction cookers. The
experimental data processing and comparison of the
results show that the calculated value of the efficiency
(68.9%, see Tab. 2, option 2) is in good agreement with

0.8
220.0
3.2
0.7
0.7
0.1
0.988

Induction cooker’s power
1.0
1.2
1.4
221.0 220.0 219.4
3.2
3.7
4.2
0.7
0.81
0.92
0.7
0.81
0.92
0.1
0.1
0.1
0.988 0.995 0.993

1.6
220.2
4.5
0.98
0.99
0.09
0.995

1.8
219.7
5.0
1.09
1.07
0.09
0.996

2.0
222.0
5.3
1.17
1.17
0.09
1.00

the results of experiments performed for household
induction cooker type VES V-HP6 (70% at the maximum powerful mode of heating of the pot with water).

4 Household induction cooker
electromagnetic field computer
simulation
4.1 Problem definition
There are publications [2–5] and many
others devoted to household induction cookers’
electromagnetic field computations using various
formulations and approaches. In this work the authors
do not intend to develop new or improve existing
numerical techniques for induction cooker computer
simulation. The goal of this section is to carry out
just ”preparatory” computations of the distribution of
the electromagnetic field of the induction cooker to
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estimate the amplitude of magnetic flux density 𝐵𝑚
required to calculate and design the induction cooker
magnetic core (see section 3). To do this, the finite
element analysis of induction cookers’ electromagnetic
and field is carried out in common 2D formulation.
A simplified computational model of the household
induction cooker including main elements such as an
inductor, a heated pan and a ferrite magnetic core is
developed and analyzed.

4.2 A mathematical model
The transient distribution of electromagnetic field
is described by equation [14–16]:
)︂
(︂
𝜕A
1
𝑐𝑢𝑟𝑙A +𝛾
= J𝑒𝑥𝑡 ,
(21)
𝑐𝑢𝑟𝑙
𝜇
𝜕𝑡
where 𝐴 denotes the magnetic vector potential, 𝜇
the magnetic permeability, 𝛾 the electric conductance
and 𝐽𝑒𝑥𝑡 the harmonic current density applied to
the inductor. Parameter 𝛾 is generally a function of
the temperature 𝑇 whereas 𝜇 is a function of the
temperature 𝑇 and magnetic flux density 𝐵 . However,
in case of a relatively small temperature rise that takes
place at the heating of dishes using induction cookers,
the temperature dependencies are disregarded.
In fact, the complete solution of the parabolic
equation (21) is unfeasible due to relatively long time
of the heating process. That is why we simplified the
model by considering harmonic magnetic field. Now
equation (21) can be rewritten in terms of the phasor
A of the magnetic vector potential 𝐴 [14–16]:

1
𝑐𝑢𝑟𝑙 𝑐𝑢𝑟𝑙A + 𝑗𝜔𝛾A = J𝑒𝑥𝑡 ,
𝜇

Fig. 9. Computational model of the induction cooker
Initial data for numerical analysis includes all
necessary information on material properties namely
the values of electric conductance of all materials used
in the design of the induction cooker as well as magnetization curves of ferromagnetic materials (the PC95
MnZn ferrite’s magnetization curve is shown in Fig. 5).
An example of obtained spatial distributions of
electromagnetic is presented in Fig. 10. This is
magnetic flux density distribution in the model with
geometrical parameters (see Fig. 9) 𝑑1𝑣𝑛 =10 mm,
𝑏1 =16 mm, 𝛿3 =10 mm, 𝛿4 =2 mm and frequency of
current in the inductor of 20 kHz. It can be seen that
the amplitude of the magnetic flux density 𝐵𝑚 on the
surface of the magnetic core is about 0.125 T, and this
value is used in section 3 to calculate and design the
induction cooker magnetic core.

(22)

where 𝑗 denotes the imaginary unit, 𝜔 = 2𝜋𝑓, 𝑓 the
frequency of the current in the household induction
cooker inductor.
Equation (22) is solved in the axisymmetrical
formulation by the Finite Element Method using one of
the available in-house or commercial computer codes.
In this work, in-house computer code EleFAnT2D [1]
is used. The computations are carried out iteratively,
the magnetic permeability 𝜇 in each element containing
ferromagnetic material is adjusted in accordance with
the corresponding main magnetization curve.

4.3 A computational model
numerical results obtained

and

In Fig. 9 the axisymmetrical model of the induction
Fig. 10. Electromagnetic field distribution
cooker developed in the EleFAnT2D code environment
is presented. We consider a copper inductor, a MnZn
ferrite magnetic core, and a modern pan designed specifically for induction cookers: an aluminum pan with
a thin bottom ferromagnetic layer which is needed to
∙ A developed technique for calculation and design
obtain proper distributions of the electromagnetic field of inductors of household induction cookers is descriand eddy currents in the bottom of the pan.
bed. The technique consists of two stages: the first

Conclusion
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one has been developed on the basis of engineering
methods for calculating inductors of industrial induction heaters, taking into account the design features
and operating modes of induction cookers, and the
second one represents an engineering approach for the
calculation and design of magnetic cores made of MnZn
ferrites.
∙ Two-turn and multi-turn inductors of induction cookers for two variants of the initial data are
calculated and designed.
∙ The magnetic core in the form of 8 rectangular
rods made of MnZn ferrite is calculated and designed.
In view of low mass and power losses they can be used
in the designs of household induction cookers.
∙ Conceptual designs of household induction
cookers are developed on the base of the techniques
proposed.
∙ The developed techniques can be used in the
process of promising research and design work on the
development of household induction cookers.
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[1] Pantelyat M. G., Bı́ró O. and Bauernfeind Th. (2016).
Computational electromagnetics in education: finite
element analysis of induction cookers’ electromagnetic and
thermal fields. Abstracts of the 17th International IGTE
Symposium on Numerical Field Calculation in Electrical
Engineering ,

p. 20.

[2] Carretero C., Lucı́a O., Acero J., Burdı́o J. M. and Alonso
R. (2011). Passive network equivalent of an induction
system for domestic cookers applications based on FEA
tool simulation. 2011 Twenty-Sixth Annual IEEE Applied
Power Electronics Conference and Exposition (APEC) ,
pp. 1753-1758. doi: 10.1109/APEC.2011.5744833.
[3] Carretero C., Lucı́a O., Acero J., Burdı́o J. M. and Alonso
R. (2013). Computational Modeling of Two Partly Coupled
Coils Supplied by a Double Half-Bridge Resonant Inverter
for Induction Heating Appliances. IEEE Transactions
on Industrial Electronics , Vol. 60, pp. 3092-3105. DOI:
10.1109/TIE.2012.2202360.
[4] L. C. Meng, K. W. E. Cheng and K. W. Chan (2009).
Heating performance improvement and field study of the
induction cooker. 2009 3rd International Conference on
Power Electronics Systems and Applications (PESA) , pp.
313-317.

and Drives PEMD 2012 ,

10.1049/cp.2012.0359.

592 CP ed., Vol. 2012. DOI:

[6] Pantelyat M. G. and Bajda Ye. I. (2020). Computational electromagnetics in education, part II: a technique
for calculation and design of induction cooker inductors.
Abstracts of the 19th International IGTE Symposium on

Numerical Field Calculation in Electrical Engineering ,

p. 41.

[7] Pantelyat M. G. and Klymenko B. V. (2017). An equipment
subsidy from the Alexander von Humboldt Foundation
provided by the Federal Foreign Office of Germany –
a great contribution to the advancement of science and
learning and to international cooperation. Proceedings of
the International Scientific Conference Humboldt-Kolleg
”Limits of Knowledge” ,

pp. 276-285.

[8] Topuz, N. E., K. Dawood, Ü Kaya, G. Odabaş and
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Єлоєв А. К.

Запропонована методика розрахунку та проектування основних конструктивних елементiв побутових iндукцiйних плит - iндукторiв та магнiтопроводiв. Технiка
складається з двох етапiв. Перший етап був розроблений на основi iнженерних методiв розрахунку мiд-

[5] L. C. Meng, Ka Wai Eric Cheng, P. C K Luk (2012). Field
analysis of an induction cooker with square 9-coil system
by applying diverse exciting patterns. In: Proc. 6th IET

них iндукторiв промислових iндукцiйних нагрiвачiв з

International Conference on Power Electronics, Machines

як вибiр геометричних розмiрiв iндуктора, розрахунок

урахуванням конструктивних особливостей та режимiв
роботи iндукцiйних плит, зроблених на таких етапах,
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основних електричних та енергетичних показникiв iн-

онных плит - индукторов и магнитопроводов. Методика

дуктора, розрахунок системи ”iндуктор-тарiлки”, визна-

состоит из двух этапов. Первый этап разработан на осно-

чення кiлькостi виткiв iндуктора та розрахунок шири-

ве инженерных методик расчета медных индукторов

ни витка. Другий етап являє собою iнженерний пiдхiд

промышленных индукционных нагревателей с учетом

для розрахунку та проектування магнiтних осердь з

конструктивных особенностей и режимов работы ин-

феритiв MnZn, виконаний на таких етапах, як вибiр

дукционных плит и включает следующие шаги: выбор

матерiалу для виготовлення стрижнiв з магнiтопрово-

геометрических размеров индуктора, расчет основных

дом, вибiр геометричних розмiрiв ферритових стрижнiв,

электрических и энергетических показателей индукто-

розрахунок маси магнiтопроводу i розрахунок втрат

ра, расчет системы ”индуктор-тарелка”, определение ко-

потужностi в магнiтопроводi. Представленi та проаналi-

личества витков индуктора и расчет ширины витка.

зованi результати розрахункiв та конструкцiї iндукторiв

Второй этап представляет собой инженерный подход к

та магнiтопроводiв щодо ряду режимiв нагрiвання посу-

расчету и проектированию магнитопроводов из MnZn

ду рiзних геометричних розмiрiв. Розробленi методики

ферритов и включает следующие шаги: выбор материа-

та результати, отриманi на їх основi, доповнюються та

ла для изготовления стержней магнитного сердечника,

пiдтверджуються попереднiм чисельним аналiзом роз-

выбор геометрических размеров ферритовых стержней,

подiлу електромагнiтного поля в iндукцiйних плитах та

расчет массы магнитопровода и расчет потерь мощно-

посудi з пiдiгрiвом, а також експериментальними дослi-

сти в магнитопроводе. Приведены и проанализированы

дженнями на розробленому експериментальному стендi.

результаты расчета и конструкции индукторов и ма-

Концептуальнi проекти iндукцiйних плит, розробленi

гнитопроводов применительно к ряду режимов нагрева

з використанням запропонованих пiдходiв, iлюструють

посуды различных геометрических размеров. Разрабо-

представленi методи. Розробленi методики можуть бути

танная методика и полученные на ее основе результаты

використанi в процесi дослiдження та проектування кон-

дополнены и подтверждены предварительным числен-

структивних елементiв побутових iндукцiйних плит, а

ным анализом распределения электромагнитного поля в

також у навчальному процесi для пiдготовки бакалаврiв

индукционных плитах и нагреваемой посуде, а также эк-

та магiстрiв за вiдповiдними освiтнiми програмами.

спериментальными исследованиями на разработанном

Ключовi слова: побутова iндукцiйна плита; iндуктор;

магнiтопровiд; ферит; розрахунок; проектування

экспериментальном стенде. Концептуальные проекты
индукционных плит, разработанные с использованием
предложенных подходов, иллюстрируют представлен-

Расчёт и проектирование конструктивных элементов бытовых индукционных плит

ные технологии. Разработанные методики могут быть
использованы в процессе исследований и проектирования конструктивных элементов бытовых индукционных
плит, а также в учебном процессе для подготовки бакалавров и магистров по соответствующим образователь-
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