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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 relati-
vely 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 one-
turn 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 de-
sign 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 preli-
minary 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 thefirst
time engineering techniques for calculating and desig-
ning 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 distri-
bution 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 induc-
tion cookers

1.1 A technique proposed

Due to the significant similarity of the physical
processes occurring in household induction cookers and
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:

e geometry (diameter of the bottom, wall thickness)
of the heated dishes (pans, pots);

e temperature-dependent electrophysical properties
of the material of the dishes;

e clectromagnetic field frequency and inductor
voltage;

e power released in heated dishes and heating
temperature.

Following [6] the main steps of the calculation and
design of induction cookers’ inductors are:

e 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
thickness of the inductor);

e calculation of electrical and energy indicators
(specific surface power in the dishes, magnetic field
strength on the surface of the inductor and di-
shes, coupling coefficient, active and reactive power
in the inductor and in the gap, total power of
the inductor-dishes system, electrical efficiency, power
factor, current in the inductor, fill factor, etc.);

e 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
dq2 is taken equal to the diameter of the heated surface,
i.e. the diameter of the bottom of the dishes ds:

d12 ~ dg.

(1)
The inner diameter of the inductor di; is selected
by the relationship:

d11 ~ 4(5, (2)

where § 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 electri-
cal insulation and taking into account technological
requirements. For household induction cookers, it is
fashionable to take, for example, § = 0.01 m.

The inductor thickness 47 is selected from the condi-
tion for minimizing losses:

61 > 1-3A17 (3)

where A; denotes the penetration depth of the
electromagnetic field (skin layer thickness) into the
inductor material (nonmagnetic copper), calculated by
the well-known formula.
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Fig. 1. A sketch of the “inductor-dishes” system:
1 — inductor; 2 — heated dishes; 3 — ferrite core

2) The main electrical and energy indicators of
the inductor and the system “inductor-dishes” are
calculated. The specific surface power in the dishes pgo
is determined by the formula:

» 4P,
02= 779 9
W(d%Q_d%l)

(4)
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where P, denotes the given in initial data power
released in heated dishes.

The magnetic field strength Hgpe on the surface of
the heated dishes is calculated by the formula:

Hyp— poz - 10 ’
papia fFo

where py denotes the electrical resistivity of the steel
of the dishes at the given maximum temperature
of its heating T5, uo is the calculated value of the
magnetic permeability of the dishes’ steel at the given
temperature T5, Fy is the correction factor.

Then, the coupling coefficient k;5 is determined,
which in fact represents the transformation coefficient
under the assumption that the inductor and heated di-
shes are windings of an air transformer. The calculati-
on of the coupling coefficient is performed using the
corresponding expression.

The magnetic field strength on the surface of the
inductor Hg; is determined by the expression:

()

Hyy=—+

iy (6)

Then, the active power in the inductor P, is
calculated:
d?,—d? 1
Pl:ﬂ.Hgl%,/plfplkff’ (7)
where p; denotes the electrical resistivity of the materi-
al of the inductor (copper), k; the fill factor of the
inductor, taking into account the presence of interturn
insulation which is preselected (usually ky = 0.85 —
0.95), Fy the correction factor.
Reactive powers in the inductor Fg;, in the di-

shes Ppo and in the gap FPgs are determined by the
formulas:

G
Po1=P, Fll; (8)
G
PQ2:0.6P2?§, 9)

where G, G, I, F» denote correction factors;
Poz=n - H3, fod3,. (10)

Then, the active Ps; and reactive Pys, powers of the
“inductor-dishes” system as the sum of the correspond-
ing powers as well as the total power of the system Pgxy

are determined:
Pgy =4 /P% + Péz.

Then the calculation of the electrical efficiency 7
and power factor cosy is carried out:

(11)

P,

:?E; (12)

Ui

Ps
Psx’

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

cos = (13)

_ Psy

L= 14
1 Ula ( )

where U; 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
wy is calculated by the formula:

W — Hoi - 0.5(d12—d11)
1 \/511 )

and the width of the coil with insulation b; is determi-
ned as:

(15)

_ d12 _dll

b
! 2’LU1

(16)

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 1 2
Diameter of the
bottom of the
dishes ds, m
Wall thickness
of the dishes d5, m
Electrical resistivity
of steel of dishes at
20°C p, 2-m
Dishes heating
temperature 15, °C
Electrical
resistivity
of steel of dishes at
given temperature
T5 for heating
dishes ps, 2:m
Frequency of the
electromagnetic
field f, kHz
Inductor voltage
U, V
Power released
in the dishes Py, W
Presence of
a reactive power + +
compensator

0.12 0.24

0.003 0.004

18.9-108 | 18.9-10~8

100 280

23.8-107% | 38.16-10~8

100 20

220 220

2000 3300
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The calculations are carried out for large and small
diameter pans (24 cm and 12 cm, respectively) for the
minimum (20kHz) and maximum (100 kHz) frequenci-
es of the electromagnetic field, used in modern inducti-
on cookers [1]. According to the technical characteri-
stics of induction cookers, the power released in the
dishes (2.0kW and 3.3kW), as well as the temperature
of heating the dishes (100°C and 280°C), also vary.
Thus, in this paper, two inductors (of large and small
diameters for heating of the corresponding dishes)
are calculated and designed for use either in the
corresponding single-ring induction cookers, or in one
double-ring cooker with rings of different diameters.

1.3 Results of calculations and their
analysis

The results of the calculation of inductors for both
variants of the initial data are presented in Tab. 2. We
analyze briefly the results obtained.

The basic geometric dimensions of the “inductor-
dishes” system are calculated (see Fig. 1). The outer
diameter of the inductor is taken equal to the diameter
of the heated surface (diameter of the pan). The gap
between the inductor and the dishes is tentatively
assumed to be 1.0cm (0.01m) and will be specified
in the design process of the induction cooker, based on
the presence of thermal and electrical insulation, taking
into account the features of the technological process
of assembling the cooker.

Given in Tab. 2 the values of the inductor thickness
calculated for both variants of the initial data are the
minimum values that will also be refined during the
designing the inductor. Among the calculated electric
and energy quantities, the electric efficiency of the
induction cooker is of most interest. The calculated
values of the efficiency (about 50-70%, see Tab. 2 and
section 4) are in good agreement with the results of
experiments performed at the experimental workbench
developed by the authors [7] for household inducti-
on cooker type VES V-HP6 (59-70% depending on
the selected mode of heating of the pot with water).
We also note that the measured values of the power
factor are in the range of 0.98-1.00, in contrast to
the calculation results (about 0.80, see Tab. 2 and
section 4). This may be because the reactive power
compensator is probably used in the structure of the
induction cooker.

The designs of a 2-turn and a 12-turn inductor
calculated (the initial data and the results obtained —
see Tab. 1, 2, options 1 and 2, respectively) are
presented in Fig. 2.

Tab. 2 Results of calculation and design of inductors

Option number

1

2

Outer diameter
of the inductor d3, m

0.12

0.24

Inner diameter
of the inductor di1, m

0.04

0.04

Gap between
the inductor
and the dishes §, m

0.01

0.01

Inductor
thickness 41, m

0.29-103

0.5:1073

Specific surface
power in the
dishes pg2, W/m?

1.99-10°

7.5-10%

Magnetic field
strength on the
surface of the
dishes HOQ, A/m

1.55-10%

0.99-10%

Magnetic field
strength on the
surface of the
inductor Hyp1, A/m

6.596-10*

4.213 -10*

Coupling
coefficient kqo

0.235

0.253

Active power
in inductor Py, W

2.058-103

1.49-103

Reactive power
in the inductor
PQl, VAr

2.058-103

1.49-103

Reactive power in the
dishes Pg2, VAr

1.2:10°

1.98-103

Reactive power
in the gap Pgs, VAr

0.098-103

0.161 -10°

Active power of the
“inductor-dishes”
system Py, W

4.058-103

4.79-103

Reactive power of the
“inductor-dishes”
system Pgps;, VAr

3.258-103

3.47-103

Total power of the
“inductor-dishes”
system Pgyx, VA

5.204-103

5.915 103

Electrical
efficiency n

0.493

0.689

Power factor
cosp

0.78

0.81

Inductor
current I7, A

23.655

26.886

Number of turns
of the inductor w;

12

Width of coil
with insulation b1, m

0.02

0.0083
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Fig. 2. Designs of 2-turn (a) and 12-turn (b) inductors
of the household induction cooker

2 Calculation and design of
magnetic cores of household
induction cookers

2.1 A technique proposed

The most common type of magnetic core of inducti-
on cookers is a system of rods of rectangular cross-
section, located under the inductor of the cooker and
made of modern ferromagnetic material — ferrite of
the appropriate brand with the desired electrophysi-
cal 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].

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
that cores of magnetic conductors of household inducti-
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
of solving the problem is proposed.

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 resi-
stivity) 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 — 20-100kHz)
and, if possible, a small loss volume density. Therefore,
among the ferrites for low and medium frequencies (10-
300kHz) we can select, for example, a new material
PC95 manufactured by TDK Corporation, which meets
these requirements.

Detailed description, characteristics and properti-
es 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 devi-
ces for electric heating. In addition to the values
given in [12], the document [13] provides the most
detailed information on the properties of the respecti-
ve 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 permeabi-
lity on temperature and frequency, the dependence
of the loss volume density on the amplitude of the
magnetic flux density B,,, 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) The choice of geometric dimensions of ferrite
rods, the calculation of the mass of the magnetic core.

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
hxb=5mm x 15 mm=5-10"3m x 15-1072 m, where
h, b are the height and thickness of the rod, respecti-
vely. The length of the rod [ is determined by the
formula:

I = 0.5(dio—du), (17)

where di2, di1 are the outer and inner diameters of the
cooker’s inductor, respectively.
The mass of the magnetic core m is calculated as:
m=pVN, (18)
where p 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
of the electromagnetic field [10, 11], see Fig. 3,b), the
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:

Po=pi, VN, (20)
where p% is the loss volume density which should
be determined using graphs (dependence of the loss
volume density on the amplitude of magnetic flux
density B,,, frequency and temperature) for the
corresponding brand of ferrites under appropriate
operating conditions (specific values of magnetic flux
density amplitude B,,, 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 p., values given
in [12] for "fixed” conditions (e.g., magnetic flux densi-
ty amplitude 200mT, frequency 100 kHz, temperature
100°C), 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

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

(Sine wave data)

105
g 10¢ 300kHz
2 200kHz
= 102 100kHz
T 50kHz
g 102
o
S 101
60°C
O i A Al ublet 100°C
50 100 200 300 500

Flux density Bm(mT)

Fig. 4. Dependencies of the loss volume density on
the magnetic flux density of the PC95 MnZn ferrite
manufactured by TDK Corporation [13]
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Fig. 5. Magnetization curves of the PC95 MnZn ferrite
manufactured by TDK Corporation [13]

2.2 Initial data and results of calcu-

lations

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 5mm x 15mm 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%, — the loss volume density which is found
using graphs (dependence of the loss volume density on
the amplitude of magnetic flux density B,,, 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 B,,,
frequency and temperature) [13]. Using the appropriate
graphs presented in Fig. 4, we find the values of p},
for frequencies of 100kHz and 20kHz (according to
both calculation options), temperature 60°C (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 B,, on the
surface of the magnetic core. Regarding the value of
By, 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.

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 1 2
Number of
ferrite rods N
Cross-section
of ferrite rods
h X b,m
Length
of the rod I, m
Volume
of the rod, m?
Density
of the material
of the rods,
kg/m? [13]

Mass of the
magnetic core, kg
Amplitude of the
magnetic flux
density By, T [1]
Loss volume
density

Pl W /m? [13]
Power losses

in the magnetic
core, W

5.1073x%
15-1073

5.1073x%
15-1073

0.04 0.1

31076 7.5:1076

4.9-103 4.9-103

0.1176 0.294

0.125 0.125

10° 2-10%

24 1.2

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:

e The power losses in the rods of magnetic cores
are insignificant (units of W, see Tab. 3) in comparison
with the active power of the system "inductor-dishes”
(see Tab. 2).

e The mass of the magnetic core (up to 300g in the
considered examples) is small in comparison with the

mass of the whole structure (mass of one-ring induction
cookers available for sale is from 2.3kg).

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.

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

3 Experimental validation of the
results obtained

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 obtai-
ned are presented in Fig. 8 and Tab. 4.

Fig. 7. Magnetic core of the household induction cooker
type VES V-HP6

The study of water heating rate (1 liter of water
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 envi-
ronment, (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°C).

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 cosy. The analysis of
the obtained results shows that at relatively low power

Tab. 4 Results of measurements

(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 cosp is almost 1, which can be caused by the fact
that the induction cooker design includes a reactive
power compensator.

75 P,W

70 ——300
60 ——2000 -
1600

45 ——1400

0 } | I
100 200 300 s

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

Measured quantities Induction cooker’s power

0.3 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0
U,V 224.5 | 219.0 | 220.0 | 221.0 | 220.0 | 219.4 | 220.2 | 219.7 | 222.0
I, A 0.2 3.2 3.2 3.2 3.7 4.2 4.5 5.0 5.3
P, kW 0.7 0.74 0.7 0.7 0.81 | 0.92 | 0.98 1.09 1.17
Q, kW 0.72 | 0.74 0.7 0.7 0.81 | 0.92 | 0.99 1.07 | 1.17
S, kVAr 0.29 0.1 0.1 0.1 0.1 0.1 0.09 | 0.09 | 0.09
cosp 0.98 | 0.989 | 0.988 | 0.988 | 0.995 | 0.993 | 0.995 | 0.996 | 1.00

Above just a brief description and analysis of
experimental results obtained are presented. The more
important fact is that this experimental informati-
on allows to confirm results of calculation and de-
sign of induction cooker’s structural elements obtai-
ned 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. 1-
3), 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 cross-
sectional 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

the results of experiments performed for household
induction cooker type VES V-HP6 (70% at the maxi-
mum 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 B,,
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]:

= Jexta

curl (lcurlA) +78—A
I ot

(21)

where A denotes the magnetic vector potential, pu
the magnetic permeability, v the electric conductance
and J.;; the harmonic current density applied to
the inductor. Parameter 7 is generally a function of
the temperature 7' whereas p 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]:

curl— curlA—i—jowA J (22)

Yext
where j denotes the imaginary unit, w = 27 f, 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 u in each element containing
ferromagnetic material is adjusted in accordance with
the corresponding main magnetization curve.

4.3 A computational model and

numerical results obtained

In Fig. 9 the axisymmetrical model of the induction
cooker developed in the EleFAnT2D code environment
is presented. We consider a copper inductor, a MnZn
ferrite magnetic core, and a modern pan designed speci-
fically for induction cookers: an aluminum pan with
a thin bottom ferromagnetic layer which is needed to
obtain proper distributions of the electromagnetic field
and eddy currents in the bottom of the pan.

7 7
6 6
5 5
4 1
N\ o 2mm
-
i \\\ / -
3 04 NS~ 3
W he coils
mm
2 2
4
E,
1 ferrit 1
1 2 3 4 56 7 8

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 magneti-
zation 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) di,,—=10mm,
b1=16 mm, Jd3=10mm, d4=2mm and frequency of
current in the inductor of 20kHz. It can be seen that
the amplitude of the magnetic flux density B,, 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.

B[T]
0.124

0.093

0.062

0.031

0.000

Fig. 10. Electromagnetic field distribution

Conclusion

e A developed technique for calculation and design
of inductors of household induction cookers is descri-
bed. The technique consists of two stages: the first
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one has been developed on the basis of engineering
methods for calculating inductors of industrial inducti-
on 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.

e Two-turn and multi-turn inductors of inducti-
on cookers for two variants of the initial data are
calculated and designed.

e 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.

e Conceptual designs of household induction
cookers are developed on the base of the techniques
proposed.

e 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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3arnporoHOBaHa METOANKA PO3PAXYHKY Ta MTPOEKTYBAH-
HSI OCHOBHUX KOHCTPYKTHUBHHX €JIEMEHTIB ITOOyTOBUX iHITY-
KOIMHUX IUMAT - IHAYKTOPIB Ta MarHiTonpoBoxiB. Texmika
CKJIAAEThCA 3 ABOX eramiB. llepmwmit eram 6yB po3po-
O7eHuil HA OCHOBI IHXKEHEPDHUX METOIB PO3PAXYHKY MiJ-
HUX IHAYKTODPIB IIPOMUCIOBUX IHAYKIGHHWX HArpiBadis 3
YPaxyBaHHSM KOHCTPYKTHUBHUX OCOOJIMBOCTEN Ta PEKUMIB
poboTH IHAYKIIWHUX IIIAT, 3POOJIEHNX HA TAKUX €Talax,
dK BUOIP reOMEeTPUYHUX PO3MIpiB IHIYKTOPA, PO3PAXyHOK
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OCHOBHUX €JIeKTPUYHHAX TA €HEePreTUYHUX IIOKa3HHUKIB iH-
JYKTOpPa, PO3PAXyHOK CUCTEMU "1HIYKTOP-Tapiikn”’, BU3HA-
9eHHH KiJTBKOCTI BATKIB IHIYKTOpPa Ta PO3PAXYHOK IIUPH-
Hu BUTKA. [pyrwit eran sBase co0O0I0 IHXKEHEePHMI ITiaxis
IS PO3PAXyHKY Ta TMPOEKTYBAHHS MATHITHUX OCEpIb 3
depuris MnZn, BuKOHAHMII HA TAKUX €TAlaxX, K BUOIp
MaTepiajiy Ijisi BUTOTOBJIEHHS CTPHKHIB 3 MarHITOIIPOBO-
JI0M, BUOIp F€OMETPHIHIX PO3MIpiB (DEPPUTOBIX CTPUIKHIB,
PO3PaxyHOK MAaCH MAarHITOIPOBOZY 1 pPO3PaxyHOK BTpAT
MOTY2KHOCTI B Mar"iTonposoi. [Ipeacrasieni Ta mpoanasi-
30BaHi pe3yIbTaTH PO3PAXyHKIB Ta KOHCTPYKIII iIHIYKTOPIB
Ta MarHITOIPOBOIB IMOA0 PALY PEXKUMIB HarpiBAHHS IIOCY-
Oy pi3Hux reomerpuvHHX po3MmipiB. Po3pobieni meTomukm
Ta pe3yJIbTaTH, OTPUMaHI Ha X OCHOBi, TOMOBHIOIOTHCS Ta
miATBEPIKYIOThCH IIOIEepeTHIM YHCeJbHIM AHAJII30M pO3-
MOi/Ty €TEKTPOMArHITHOTO IO/ B IHAYKIINHAX [IJINTAX Ta
OCyZi 3 MiIrpiBOM, & TAKOXK €KCIIEPUMEHTAJIHHUMHU JTOCJTi-
JKEHHSIMH Ha PO3PO6JIEHOMY €KCIIePIMEHTAILHOMY CTEH/I.
Konnenryanpai mpoekTw iHAyKmifHUX ILMT, po3pobJremi
3 BUKODHUCTAHHAM 3AIIPOIIOHOBAHUX MiIXOMIB, LIIOCTPYIOTH
npescTassieHi Meronu. Po3pobireni meToanku MoKy Th Oy TH
BUKOPHUCTAHI B IIPOIIEC] JOCIILIZKEHHS Ta IIPOEKTYBAHHS KOH-
CTPYKTHUBHUX €JIEMEHTIB MOOYTOBUX IHAYKIIMHUX IIJTUT, a
TaKOXK y HABYAJIHHOMY IIPOIIECI /IS MiATOTOBKY DaKaJjIaBpiB
Ta MariCTpiB 3a BiJAIIOBIIHUMU OCBITHIMH IIPOI'PAMAaMU.

Karwosi caosa: mobyTOBa IHIYKITIHHA IJINTA; iHIYKTOP;
MAarHiTONpOBiT; ¢depuT; PO3PaxyHOK; IPOEKTYBAHHS

Pacuér u mnpoekTupoBaHMEe KOHCTPYK-
TUBHBIX JIEMEHTOB OBITOBBIX WHIYKIIN-
OHHBIX TLJIUT

Hawmenam M. T., I'puwyx FO. C., Yenearox A. A.,
Enoes A. K.

IIpemmoxena merommka pacdera W IIPOEKTUPOBAHUS
OCHOBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB OBITOBBIX WH/TYKIIH-

OHHBIX IIUT - UHyKTOPOB U MAarHUTOIPOBOAOB. Meroauka
COCTOUT U3 ABYX dTanoB. IIepBorit 3Tan pazpaboTaH Ha OCHO-
B€ WHKEHEPHBIX METOMWK PACYeTa MEIHBIX WHIYKTOPOB
NPOMBIIIJIEHHBIX WHIYKIMOHHBIX HAarpeBaTeseil ¢ yderom
KOHCTPYKTHUBHBIX OCODEHHOCTEH ¥ DPEKMMOB PAbOTHI WH-
JYKIMOHHBIX IIUT M BKJIIOYAET CJIeAyIOUIue IIaru: BBIOOD
reoMeTpuYecKux Pa3MepoB HMHIYyKTOPa, PacdeT OCHOBHBIX
JIEKTPUIECKUX W SHEPreTUIECKUX ITOKA3aTeseil MHIYKTO-
pa, pacdeT CUCTEMBI "MH/IyKTOP-TapesKa’, OIpe/ie/IeHre KO-
JIMYECTBAa BUTKOB MH/YKTOPA W Pacder INUPUHBI BHUTKA.
Bropoit sTam npeacrasisier co60i MHIKEHEPHBIN TOIXOT, K
pacydeTy W NPOEKTUPOBAHHUIO MArHUTONPOBOAOB u3 MnZn
GbeppuToB U BKIYAET CIIEAYIONINE MATrH: BHIOOD MaTepua-
J1a J7Isl M3TOTOBJIEHUSI CTE€PKHEH MAarHUTHOTO CEP/IETHNKA,
BBIOOD TeOMETPHIECKIX Pa3MepoB (PeppPUTOBBIX CTEPIKHEII,
pacder Macchl MarHUTOIPOBOJA U PACYET [IOTEPh MOIIHO-
¢t B MarauTonposoze. [Ipusenensr v MpoaHaIN3npPOBAHEL
Pe3yAbTATHl PACYeTa W KOHCTPYKIWK HHIYKTOPOB M Ma-
THUATOIIPOBO/IOB IIPUMEHUTE/ILHO K Psijly PEKUMOB HArPeBa
TOCYIBI PA3JINTIHBIX T€OMETPUYIECKUX pa3mepoB. Pazpabo-
TaHHAs METOAWKA U IIOJIyI€HHBbIe HA €€ OCHOBE Pe3yJIbTATHI
JIOIIOJIHEHBL U IIO/ITBEPXK/IEHbI [IPEIBAPUTEILHBIM YUCJIeH-
HBIM AHAJIM30M DACIIPEIEICHIS YJIEKTPOMATHUTHOTO TI0JIS B
WHIYKIMOHHBIX IJINTAX ¥ HArPEBAEMOII [T0Cy/1e, a TAKKe K-
CIIEPUMEHTAJIbHBIMU HUCCJIEJ0OBAHUAMYU HA pa3paboTaHHOM
IKCIIEPIMEHTAJIILHOM CTeHAe. KOoHIenTyaabHble TPOeKTHI
MH/IYKIUOHHBIX ILTAT, pa3paboTaHHBIE C UCIOJIHL30BAHUEM
[PE/YIOKEHHBIX 110/IX0/I0B, HWJUIIOCTPUPYIOT IPEICTABIIEH-
HBIE TexHosiornn. Pa3paboTaHHble METOAWKYM MOTYT OBITH
HCITO/Ib30BAHbl B MPOIECCE UCCTIEIOBAHUN U TIPOEKTUPOBA-
HHsl KOHCTPYKTHUBHBIX 3JIEMEHTOB ObITOBBIX WHLYKIIMOHHBIX
IUIAT, & TaKXkKe B y<IeOHOM IIporiecce JJisl MOATOTOBKU OaKa-
JIABPOB M MaruCTPOB IO COOTBETCTBYIOIUM 00Pa30BaTEIb-
HBIM IIPOIPAMMAaM.

Karouesvie caosa: OBITOBAS WHIYKIIMOHHAS IIJINTA; WH-
JYKTOP; MarHUTOIPOBO; (eppuT; pacder; MPOEKTUPOBaA-
HUE
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