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Abstract— Multi —layer and multi-material induction cookware
is increasing market penetration due to its superio cooking
performance and efficiency. Resonant converters araisually
adopted to achieve an optimal energy transfer at gh supply
frequency so that the equivalent impedance is a ccial parameter
with regard to the system performance. In this worka coupled
finite element-circuit model of an induction-efficient appliance is
proposed. Equivalent circuit parameters are extraagtd from the
finite element model in order to assess the resonaa condition in
a typical operating frequency range suitable for dsigning power
electronics. The dependence on materials and laydistribution of
the equivalent impedance is investigated by a paragtric analysis.

Index Terms—Electromagnetic induction, Cooking, Finite
element methods, Frequency response, Impedance.

I. INTRODUCTION

Induction cooking has become of widespread useuseca
of its advantages in terms of heating speed anciesfty [1].
These are mainly due to the induction cooking wagki
principle, which is based on the local heating getesl by
eddy current and hysteresis losses at the bade qfan. New
manufacturing technology makes it possible to geltifayer
and multi-material pan structures with higher egefficiency
and more uniform cooking temperature comparedaitional
single-layered induction cookware.

Some issues concerning induction cooking such ligla
cost and power consumption still remain. To dagsearch has

foil is usually adopted for EM shielding of powde@ronics.
Typical shape and sizes of commercial inductiortesys, as
reported in Table I, have been considered. Lineaterials,
with properties of Table Il, have been assumedwétig for

the accurate system electrical characterizatioombgns of a
frequency-dependent impedance. Hysteresis losses theen
taken into account by a complex magnetic permesipi].
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Fig. 1. Model of a typical induction heating appli&: multilayer vessel, coil
domain (high frequency inductor), ferrite flux cem¢rator, aluminum shield.

TABLE |
REFERENCE MODEL DIMENSIONS

addressed induction cooker optimization—[2], electronic r'ggiirs 2‘5}32 Thickness 2
power supply optimization [4]6], and analytical and [mm] [mm] (mm] (mm]
numerical modeling of both induction coils and cexskwith vesse 0 95-10C 1 (layer) 5.5
single-layer cookware [7]. In order to advancestatus of the winding 20 90 15 -0.t
art of the system analysis, a modeling strateggdas FEA Conggr’:trator 22 81 4 -6
for determining the frequency response of an iridoct shield 0 100 1 -105
cooking appliance with multi-layer efficient cookngais here
proposed. The frequency impedance model can be fosed MATERITA?_BFI’_REO”PERTIES
designing power supply systems, based on resonameders.
Permeability Conductivity Temperature
ll. NUMERICAL MODEL e 0 [MS m’] coefficient
. . . . . ferrite 2300 0 0
A two dimensional axisymmetric finite element modéth aluminum 1 38.5 4103
circuit coupling conditions has been implementeddoy out air 1 0 0
the impedance analysis of the R-L load (inductaessel). It copper 1 60 400°
is suitable for dimensioning the matching capacigord =~ Magnetic steel  400-175 2 0
stainless steel 1 1.37 0

identifying the best working frequency of the inthran order
to minimize power losses of the resonant convested to
attain an optimal energy transfer toward the vesdet finite
element model has been implemented by COMSOL packag
Fig. 1 shows the modeled 2d-axysimmetric inducessel
system. A multi-turn coil is placed between these¢snd the
flux concentrator, made of ferrite. Moreover, aateluminum

The induction cooking appliance model of Fig. Ineshed
into 30.759 second order triangular elements. Stineeaypical
operating frequency of domestic induction applianc@nges
from 20 to 100 kHz, eddy current finite elementlgsia can
be performed with good accuracy.



Impedance parameters are extracted from 20 to H20 k
In order to take into account the emf induced i ittulti-turn
coil, a voltage driven FE-circuit analysis has bearmied out.

The equivalent impedancg(qw) :Uoou/rwiI (w) depends on

IMPEDANCE PARAMETRIC ANALYSIS

wi’ | () are the voltage

and current phasors at the inductor terminals. e t
voltage-driven analysig , is imposed and the current coil is

the angular frequencw, and U

determined as

I7(:oi| ((/J) = (Ucoil + Ljind ((/J))/ R:oil (1)

whereU, , (w) is the emf induced in the inductor, aR, is

R(c) and inductancé.(«) are finally obtained from the real
and imaginary parts of the load impedance, respayti

The base configuration of the multi-layered pang(R2)
consists of 1) a pair of external layers of staislsteel, 2) one
layer of magnetic steel, and 3) an aluminum foil.
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Fig. 2. Multilayered structure of the vessel (basengement: dstainless
steel, Zmagnetic steel,-3aluminum).

A. Dependence on material properties

Firstly, a single layer pan has been considered,in. the
base configuration of Fig. 2 layers 1 and 3 are’,/'@ind the
material of layer 2 is varied. Fig. 3 and 4 shoat ttonducting
materials (aluminum, copper, stainless steel) p@viower
resistance and inductance due to a different engemsfer

principle compared to ferrous materials (magnegel.
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Fig. 3. Equivalent coil resistance vs. frequencatgnals: Femagnetic steel,
Al-aluminum, Cu-copper, Ststainless steel).
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Fig. 4. Equivalent coil inductance vs. frequencyatenials: Femagnetic
the inductor DC resistance. The series equivalesistance steel, Araluminum, Cercopper, Ststainless steel).

B. Dependence on multilayer structure

Secondly, the multilayered structure has been aadly

With respect to single-layered traditional cookwdhe energy
transfer efficiency is improved by combining contig and
ferromagnetic materials with complementary electagnetic
behavior. Fig. 5 shows resistance and inductaneguéncy
behaviors for the multilayered arrangement of Big.

The paper will show that the frequency responsehef

induction appliance is strongly influenced by vésgaicture
and depends in particular on the ordering of tgerka
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Fig. 5. Equivalent coil resistance (blue line) anductance (green line) vs.
frequency (arrangement3-2-1, Fig. 2).
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