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ABSTRACT The performance of induction cooktops (inductor and electronic power converter) is closely
related to the inductive properties of the cookware used. Traditionally, they are designed to work optimally
with fully ferromagnetic cookware. However, multimaterial cookware with a bottom surface composed of
a ferromagnetic material and small pieces of aluminum are nowadays more commonly used. Designing
cooktops to also work optimally with this cookwares requires identifying the equivalent parameters, Req
and Leq, obtained from the electromagnetic models of the inductor-load system. Modeling multimaterial
cookware, with a large number of inserts, complicates the model design and increases its computational cost.
This work presents an equivalent model for multimaterial loads that allows the evaluation of the inductor
performance and obtaining the equivalent parameters quickly and accurately. The multimaterial cookware
is modeled as a disk of uniform material with equivalent electromagnetic properties, µr,eq and σeq, which
depend on the properties of each material and the proportion of area they occupy. The equivalent model has
been validated by electromagnetic simulation using a FEA tool and by experimental results. Finally, based
on the results obtained, an analysis has been carried out to evaluate the importance of design factors such as
the choice of the cookware base material and the size, arrangement, and number of inserts.

INDEX TERMS Home appliances, induction heating, finite element simulation, magnetic devices.

I. INTRODUCTION
High efficiency, automatic cookware detection, non-contact
heat transfer, and speed of operation are some of the inherent
features of domestic induction technology [1]. Its outstand-
ing performance and other factors, such as the growing
user concern about environmental aspects and safety, have
led induction cooktops to displace conventional electric and
gas heating technologies. Induction heating (IH), applied to
the domestic scene, is a constantly evolving technology in
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which research and development efforts in recent years have
focused on its key enabling technologies: power electronic
converters [2], [3], inductor system optimization [4], [5],
magnetic materials [6], [7], deep learning techniques applied
to IH [8], [9], control andmodeling [10], [11], [12], [13], [14].
These advances have resulted in more secure and reliable
operation, a better user experience, and faster applications.

An induction cooktop typically comprises the power elec-
tronics converter and the inductor-load system. As illustrated
in Fig. 1, to facilitate the collaborative design of the converter
and induction system, the inductor-load system is electrically
modeled as an equivalent resistance Req connected in series
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FIGURE 1. Simplified schematic of the induction cooktop.

FIGURE 2. Composition of the multimaterial cookware.

to an equivalent inductance Leq, where the Req represents
the power dissipated, and Leq represents the magnetic field
of the system [15], [16]. The DC-AC converter supplies a
variable frequency current, ranging from 20-100 kHz to the
induction coil. This current produces an alternating magnetic
field which, due to eddy current effects and, to a lesser extent,
magnetic hysteresis losses, causes the load or cookware to
heat up. The surface temperature profile of the cookware is
determined by the positions of the turns in the inductor and
the thermal properties of the materials [17].

One of the most commonly used materials in cookware
for induction cooktops is stainless steel, which offers excel-
lent efficiency results [18]. However, its low thermal con-
ductivity (about 15W/mK) leads to an uneven temperature
distribution [17]. As a result, it complicates the cooking
of temperature-sensitive dishes and impairs the cooking
experience. Some proposals have been made to improve
the heat distribution in cookware, ranging from unequally
spaced turns of coils, for a more uniform temperature pro-
file [19], [20], to movable inductors [21]. However, these
solutions partially solve the problem, and further improve-
ments are required.

Nowadays, cookware with a bottom surface composed of
a ferromagnetic material and aluminum inserts is gaining
importance in the market. This type of cookware usually
consists of an aluminum cookware, to which a thin ferro-
magnetic disk with several holes is bonded at the bottom.
The bonding process between the two elements depends
on each manufacturer; however, the aluminum cookware is
normally heated and bonded to the ferromagnetic disk by a
stamping process, as schematically depicted in Fig. 2. Con-
sequently, the bottom surface of the cookware is composed
of ferromagnetic material whose initial slots have been filled
by aluminum inserts. The excellent thermal conductivity of
aluminum (237W/mK) provide a better heat distribution over
the cookware surface, solving the problem of the temperature

FIGURE 3. Modeling options for multimaterial cookware.

profile distribution to a large extent and, thus, providing
a better cooking experience [22]. Aluminum is also light,
durable, and affordable, reducing cookware weight and price.
However, this thermal improvement results in worse electro-
magnetic behavior from the induction point of view, which
is the origin of several problems. Some of these problems
derive from current induction cooktops not being optimized
for this type of cookware, with Req and Leq parameters closer
to aluminum than traditional cookware.

On the one hand, induction cooktops are equipped with a
functionality that allows to auto-detect the presence of vessels
on top of the coil [23]. The detection algorithm determines
the presence of the cookware from the parameters Req and
Leq measured by the cooktop [8]. When the output of the
algorithm falls within an accepted range of values, a com-
mand is sent to activate the coil. The range of accepted values
is usually limited to the outputs that can be obtained with the
Req and Leq input parameters of ferromagnetic cookware. The
inclusion of the aluminum inserts modifies these parameters,
making detection more difficult and, in some cases leading to
non-detection. Therefore, it is necessary to expand the num-
ber of cases with which the detection algorithm is trained to
include the equivalent parameters of multimaterial cookware.

On the other hand, the performance of inductors and the
cooktop converter is closely linked to the load’s inductive
properties and are traditionally designed to work optimally
with ferromagnetic cookware. Modifying the optimal oper-
ating point of the cooktop for its use with multimaterial
cookware requires selecting new components for the cooktop
electronics tailored to their Req and Leq parameters, i.e., select
power devices (IGBT) with a nominal current that allow the
nominal power to be supplied to different types of cookware
or select new values for the resonant capacitors (Cr ) among
others.

The calculation of the equivalent parameters (Req and Leq)
and the inductors design are carried out by the electromag-
netic modeling of the inductor-load system. In the literature,
many papers deal with electromagnetic modeling in IH. Most
of them are focused on industrial applications of induction
heating with solenoidal coils [24], [25] or other applica-
tions based on eddy currents [26], [27], [28], [29]. Some
specialized works in domestic IH that allow to obtain the
Req and Leq are [30], [31], and [32]. Focusing on cookware
with aluminum inserts, a model analyzing its electrother-
mal behavior is presented in [22]. However, applying these
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models to multimaterial cookware with a large number of
inserts requires the implementation of a detailed model of
their bottom surface, which complicates the model develop-
ment and considerably increases the number of elements and
its computational cost.

As shown in Fig. 3, this work presents a way to model
the cookware with inserts as a disk of uniform material with
equivalent electromagnetic properties, µr,eq and σeq. This
cookware model is considerably less complex to simulate and
computationally much less demanding than a detailed model
and allows the evaluation of the inductor performance and
the obtaining of the equivalent circuit parameters quickly and
accurately. This paper provides the expressions for determin-
ing the cookware equivalent relative magnetic permeability
and equivalent electrical conductivity. At the same time, this
model enables the classification of the large variety of mul-
timaterial cookware available on the market, with different
materials and inserts of different sizes and distributions, only
by knowing their percentage of aluminum and diameter.

The model has been tested by electromagnetic simulation
using a finite element program. The results obtained with a
detailed model, composed of several materials and different
sizes and quantities of inserts, have been compared with the
corresponding results obtained with the equivalent model
in each situation. In addition, it has been experimentally
validated with commercial cookware and a configurable pro-
totype in which the positions and materials of the different
inserts can be varied. Finally, an analysis of the obtained
results has been carried out, evaluating the importance of
design factors such as the material of the base and the size,
arrangement, and quantity of the inserts.

The paper is organized as follows. Section II provides the
analytical expressions for estimating the equivalent material
properties. Section III compares the equivalent model with
the detailed one using finite element methods. The results
obtained in the validation of the model have been used to
analyze the influence on the cookware’s performance of the
ferromagnetic material used in the base and the size and
quantity of the inserts. Section IV describes the experimental
setup and shows the results. In Section V, some conclusions
are drawn.

II. ESTIMATION OF MATERIAL EQUIVALENT PROPERTIES
The inductor-load system usually consists of the cookware,
the inductor, the ferrites, and the aluminum shielding. It can
be electrically modeled using the equivalent circuit shown in
Fig. 1. The circuit parameters, Req and Leq, depend on several
factors, which include the number of turns of the coil, the
geometry and diameter of the coil, the arrangement and size
of the ferrites, the geometry and electromagnetic properties
of the cookware, and the operating frequency, among oth-
ers [33].

The heat generation in IH is caused mainly by the dissi-
pation of the induced currents in the cookware due to the
Joule effect. Consequently, the influence on the equivalent
circuit of the cookware electromagnetic properties, electrical

conductivity σ and relative magnetic permeability µr , can be
explained by means of the sheet resistance of the cookware
materials at a given frequency (f ) [34]. This resistance can
be deduced from the resistivity law, R = l/(w · t · σ ), and is
usually expressed in Ohm per square. In this case, the length
(l) and width (w) of the conductive area are considered to
be equal, being only dependent on the thickness (t), which
in the context of induction heating corresponds to the skin
depth (δ) [35]. The skin depth is the distance to the surface at
which a sinusoidal electromagnetic field decays a 63%, thus
determining the current conduction section. This distance is
defined as:

δ =
√
1/(π f µ0µrσ ) (1)

being µ0 the magnetic permeability of vacuum. Therefore,
the sheet resistance per square can be expressed as follows:

Rsheet =
1
δσ

=

√
π f µ0µr

σ
(2)

A qualitative assessment of the inductor-load system per-
formance can be made using (2). In cases where this resis-
tance is too high, as in the case of non-conductive materials
(several k� per square), it cannot be induced sufficient cur-
rent to achieve perceptible heating by the Joule effect. On the
other hand, in cases where Rsheet is too low, as in the case
of materials that are good conductors but not ferromagnetic
(copper, aluminum), the power dissipation achieved by the
Joule effect is also low [32].

The bottom surface of the cookware with inserts is usually
comprised of a main part made of ferromagnetic material and
small pieces of a material with high thermal conductivity,
usually aluminum. The ratio of the area occupied by the
inserts (Ains) to the total surface area of the cookware (Atot)
can be expressed as χins:

χins =
Ains
Atot

(3)

and therefore, the area occupied by the ferromagnetic mate-
rial is (1-χins). The distribution of themagnetic field produced
by the inductor tries to follow the guide provided by the ferro-
magnetic part of the cookware, so in the first instance, it could
be considered that the cookware performance is uniquely
proportional to the area occupied by the ferromagnetic mate-
rial and its sheet resistance. However, although aluminum is
not ferromagnetic, it is a good electrical conductor through
which currents can be induced, and eddy currents can flow.
Therefore, the inductive performance of the cookware is
also affected by the percentage of aluminum on the bottom
surface. Thus, the total power dissipated by the joule effect
can be considered proportional to the sheet resistance of each
material and the proportional area they occupy. These consid-
erations suggest that multimaterial cookware, at least in a first
approximation, could be replaced by a single-material cook-
ware with equivalent sheet resistance, in which the influence
of each of thematerials is proportional to the area they occupy
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FIGURE 4. Different inductor geometries, above. Below, marked in blue,
are the intersection zones between the cookware and the inductors used
for the χins calculation.

in relation to the total area of the cookware that is affected by
the magnetic field.

The sheet resistance of the equivalent cookware depends
on the electromagnetic properties of both, the inserts and
the ferromagnetic material; in other words, σeq and µr,eq
contain the cross products of the properties of both materials.
This way does not allow the visualization of the influence
of each material on the equivalent properties. Therefore, it is
proposed to deal with the equivalent properties separately.
This proposal will be validated by means of simulation and
experimental results, and is implemented as follows. In (2),
it can be observed that the Joule power losses in the cookware
are widely affected by the value of the square root of its rel-
ative magnetic permeability (Rsheet∝

√
µr ) and the inverse of

the square root of its electrical conductivity (Rsheet∝
√

σ
−1).

Therefore, it could be considered that the square root of the
equivalent magnetic permeability can be expressed as the sum
of the square roots of each of the materials’ permeabilities
multiplied by the proportional area they occupy with respect
to the total area:

µr,eq =

(
(1 − χins)

√
µr,fe + χins

√
µr,ins

)2
(4)

similarly, the equivalent electrical conductivity, which has a
dependence proportional to the inverse of the square root of
each of the σ of its constituent materials, can be expressed as
follows:

σeq =

 1

1 − χins
√

σfe
+

χins
√

σins


2

(5)

where µr,eq and σeq are the equivalent properties of the
cookware, and the subscripts fe and ins correspond to the
ferromagnetic part of the cookware base and the aluminum
inserts respectively. This assumption is valid for the area
affected by the magnetic field and in which currents are
induced. Thus, although the equivalent disk introduced in the
model has the same dimensions as the original cookware, the
percentage of aluminum (χins) is only weighted by the area
in which the magnetic field is incident on the cookware.

FIGURE 5. Models used to analyze the influence of insert size on the
multimaterial cookware (a) and mesh employed in each one (b).

The inductors used in domestic IH are designed to transmit
power to the entire surface of the cookware and the distance
between the inductor and the load is small, so it can be
assumed that the magnetic field incident on the load has
the same dimensions and geometry as the inductor. So, the
χins value can be calculated in the area where the cookware
and the inductor intersect. This condition is illustrated in
Fig. 4, where the intersection area (marked in blue) between
a commercial cookware and several inductors typically used
in commercial cooktops is depicted. Thus, in spite of using
the same cookware, for the study of each inductor, different
values of χins are introduced in the calculation of the (4) and
the (5). In the case of the 145 mm inductor, the inserts occupy
23% of the total area in which the magnetic field is incident
(χins = 0.23). Whereas, in the case of the 180 mm diameter
inductor and the elliptical inductor, as they cover the area of
the outer ring, which is made only by aluminum, the percent-
age of aluminum in relation to the total area covered increases
considerably, up to χins of 0,37 and 0,35 respectively.

III. MODEL VALIDATION AND DESIGN ANALYSIS
Given the wide variety of cookware on the market, it is
convenient to check that the model is valid for any ferromag-
netic material used in the base and any size, quantity, and
arrangement of the inserts. For this purpose, a finite element
model has been developed using the commercial FEA tool
COMSOL Multiphysics, which allows the simulation of the
electromagnetic phenomena in the induction heating system.
The analyzed IH system consists of a cookware placed above
a planar coil and an aluminum plate set under the rest of
the elements to shield the electronic components under the
induction system. It also incorporates ferrite bars between the
coil and the shielding to increase the coupling with the cook-
ware. The FEA model is based on those developed by [33]
and [36], which allow to obtain the Req and Leq parameters of
the equivalent circuit of the inductor-load system.
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FIGURE 6. Equivalent circuit parameters, Req(a) and Leq(b), depending on the percentage of aluminum in the base of the cookware and the
model used for its calculation.

A. INSERT SIZE INFLUENCE
Three different models have been used to analyze the perfor-
mance of the equivalent model as a function of insert size in
multimaterial cookware. The simulation models consider the
same planar inductor of 24 turns and 145mmdiameter, whose
diameter coincides with that of the cookware. The percentage
of material occupied by the inserts is the same in the three
simulations. The main material of the cookware base is stain-
less steel with electrical conductivity σfe = 1,1·106 S/m and
a relative magnetic permeability µr,fe = 100. The material of
the inserts is aluminum (µr,ins = 1 and σins = 2,2·107 S/m).
As shown in Fig. 5(a), the first model is a detailed model
of the cookware base with big inserts, where each insert
occupies 0.5% of the bottom surface area. The second is also
a detailed model with small inserts, where each insert only
takes 0.07143% of the total area. As seen in Fig. 5(b), the
smaller the inserts, the more elements will be needed in the
mesh. In these two models, the number of inserts has been
varied to modify the percentage of aluminum in the base
from 0 to 50%. The last model is a cookware made of a single
material whose properties are calculated with the equations
(4) and (5) and whose values vary according to the percentage
of aluminum χins.

Fig. 6 shows the equivalent resistance and inductance
values obtained for the considered cases. As seen in the simu-
lations, the equivalent circuit parameters of the inductor-load
system are very similar. As expected, the electrical perfor-
mance of the cookware is largely influenced by the percent-
age of aluminum in it. However, the size of the insert has
a minimal influence on its electrical performance, so it is
possible to choose the dimensions that are of most interest
to improve the thermal distribution of the cookware.

It is also worth noting the differences between the com-
putational cost required by the models for each case with
different frequencies and percentages of aluminum. The com-
puter used to carry out the simulations has a 2.90 GHz
i9-8950HK processor and 32 GB of RAM. The simulation
time required in each case of f and χins was 15.3 seconds in

the equivalent model. In contrast, due to the more significant
number of elements required by the mesh in the other models,
it took 1 min and 18.9 seconds on average in the model with
big inserts and 8 min and 3.8 seconds in the model with
small inserts. Thus, the equivalent model saves considerable
computational time and requires less effort to prepare and
develop.

B. MATERIALS ANALYSIS
Another fundamental aspect on the cookware with inserts
design is the choice of materials for the base. As mentioned
above, the inserts must have good thermal conductivity and
be cost-effective, so the ideal material for them is aluminum.
However, when it comes to choosing the ferromangetic
part of the cookware base, there are more options, and it
requires amore exhaustive analysis of the optimal selection of
material.

In Fig. 7, the influence of the electromagnetic properties
of the equivalent disk on the electrical performance and
efficiency of the inductor-load system is shown. It has been
analyzed in the same system as the previous section at an
operating frequency of 30 kHz. Considering that the inductor
is wound with 24 turns of a 32-strand Litz wire of 0.3 mm
diameter, the efficiency has been estimated from the method
proposed by [18] and [37]. The dependence of the equivalent
resistance on the electromagnetic properties of the cookware
is shown in Fig. 7(a). It can be seen that there is an optimal
relationship between σeq and µr,eq, where the Req and hence
the power dissipated in the cookware is maximum. Fig. 7(b)
shows that the system becomes more inductive as the relative
magnetic permeability increases. Lastly, in Fig. 7(c), it can
be observed that the efficiency also has an optimum operating
point, very similar to that of the equivalent resistance. Consid-
ering these two parameters, it can be said that for a σeq/µr, eq
ratio between 5·103 and 2·104 for the cookware equivalent
material, optimum results in terms of delivered power and
efficiency can be obtained. When this ratio is exceeded, the
sheet resistance of the material is too high, and it cannot be
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FIGURE 7. Influence of the µr and σ of the equivalent disk material on the equivalent resistance (a) , equivalent inductance (b), and efficiency (c) of
the inductor-load system at a working frequency of 30 kHz.

FIGURE 8. Variation of Req(a) , Leq(b), inductor-load efficiency(c), equivalent relative magnetic permeability (d) and equivalent electrical conductivity
(e) with respect to the percentage of aluminum in the bottom of the cookware, whose base is composed of different steel alloys at an operating
frequency of 30 kHz.

induced sufficiently current to achieve perceptible heating
by the Joule effect. In the case where the material’s sheet
resistance is too low, the Req, and hence the power dissipation
achieved by the Joule effect, are also low.

Fig. 8 shows how the cookware behaves with four different
base materials with respect to the percentage of aluminum
inserts they contain. The materials used correspond to four
steel alloys, represented by different µr,fe and σfe. Two simu-
lations are compared, one with the equivalent disk and the
other with the detailed model. Fig. 8(a) shows the varia-
tion of the equivalent resistance with respect to the χins
in several steel alloys. From it, it can be extracted that,
in general, introducing a higher percentage of inserts acts to
the detriment of the electrical performance of the cookware.
However, including aluminum inserts allow some alloys to
reach an optimum ratio of equivalent σeq/µr,eq and increase
the dissipated power. From Fig. 8(b), it can be observed
that within the range of values in the electromagnetic

properties of the steel alloys (µr,fe from 100-1000 and σfe
from 1·106-1·107S/m), the inclusion of inserts will always
result in a lower equivalent inductance, since the increase
in the proportion of non-ferromagnetic material causes the
µr,eq to decrease. Fig. 8(c) shows the inductor-load efficiency.
As with theReq, the importance of using a quality alloy for the
cookware’s bottom surface, such as those marked by the blue
and red lines, can be extracted. Although these steel alloys
may be more expensive than others, it may allow adding
a more significant amount of inserts, with their respective
thermal improvement, reducing the amount of steel required
in the base and satisfying the requirements of good equivalent
resistance and efficiency. Fig. 8(d) and Fig. 8(e) show the
variation of the equivalent electromagnetic properties of the
cookware as a function of the percentage of inserts contained
in each of the alloys.

Finally, it can be extracted from the results obtained from
these simulations that the equivalent disk model also gives
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FIGURE 9. The bottom surface of the commercial cookware with small
inserts (a) and the cookware prototype with detachable inserts (b).

good results for different types of ferromagnetic materials
with any amount, up to 50%, of aluminum inserts in the
cookware base.

IV. EXPERIMENTAL VERIFICATION
The verification of the model has been carried out by
comparing the parameters of the equivalent circuit of the
inductor-load system obtained experimentally and those
obtained by the simulation of the equivalent cookware model.
The frequency-dependent equivalent resistance, Req, and
inductance, Leq, of the system, were measured using a preci-
sion LCR meter (Agilent E4980A). The LCR was connected
to the inductor terminals and measured the series resistance
and inductance of the complete system (inductor, load, fer-
rites and aluminum shielding). The experimental measure-
ments correspond to small-signal conditions; therefore, there
are no thermal effects or variations of electromagnetic prop-
erties due to changes in the excitation level. The frequency
range studied is between 20-100 kHz, corresponding to the
interest range for domestic induction heating.

Two different tests have been carried out to verify the
proposal of this work. The first aims to probe whether the
model can electrically characterize commercial cookware
with inserts in any inductor. For this purpose, the cookware
shown in Fig. 9(a) has been used in the inductors shown in
Fig. 4. The cookware is composed of a steel alloy with a
σfe of 1.1 · 106 S/m and a µr,fe of 100 and aluminum inserts
(σins = 2.2·107 S/m,µr,ins = 1). The cookware has beenmod-
eled by means of a disk with the same diameter as the base
of the commercial cookware under analysis (φ = 174 mm)
and a variable χins, depending on the inductor. As mentioned
above, as each of the inductors intersects differently with
the cookware (Fig. 4), a different χins has been used in (4)
and (5) for the calculation of the equivalent electromagnetic
properties. χins = 0,23 in the inductor with φ =145 mm and
24 turns, χins = 0,37 in the inductor with φ = 180 mm and
19 turns and χins = 0,35 in the elliptic inductor with 22 turns.
In Fig. 10, the comparison between Req(a) and Leq(b) mea-
sured and calculated with the equivalent model is shown.
It can be observed that the results obtained experimentally
with the different inductors agree with those obtained with
the equivalent model.

The other experiment has been carried out with the pro-
totype shown in Fig. 9(b) on an inductor of 17 turns and

FIGURE 10. Comparison between simulated results with the equivalent
model and experimental results for commercial cookware in various
inductors. (a) Equivalent resistance. (b) Equivalent inductance.

210 mm diameter. This prototype has a diameter of 230 mm.
It is composed of a steel alloy with a σfe of 2 · 106 S/m and a
µr, fe of 225 in the base (area painted in black) and two types
of detachable inserts, one of the samematerial as the base and
the other made of aluminum. Consequently, the percentage of
aluminum inserts can be varied. In this experiment, several
measurements have been performed using the same amount
of aluminum inserts but distributed in different ways along
the cookware’s surface, validating that the model is a good
approximation regardless of the distribution of the inserts.
The results of this experiment are shown in Fig. 11. In it,
22 inserts of aluminum, marked in red, and the rest of the
same material as the base have been distributed in four ways
(Fig. 11(c)). Each insert has a diameter of 8 mm, so the
twenty-two inserts correspond to a χins of 0.1276. As can be
seen from the experimental results, the variation in the posi-
tion of the aluminum inserts has hardly affected the equivalent
resistance and inductance. Like in the previous experiment,
the agreement between the model and the measurements is
satisfactory.

It should be noted that both experiments have been car-
ried out with cookware with different insert sizes, different
percentages of aluminum and different materials, as well as
tested with different inductors, increasing the situations for
the model validation.
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FIGURE 11. Comparison between simulated results with the equivalent model and the experimental measures for different distributions of inserts
along the cookware surface. Req (a) , Leq (b), and distribution of inserts in each measurement (c).

V. CONCLUSION
This work presents an electromagnetic equivalent model for
multimaterial loads in IH. It is proposed to model them as a
homogeneous material with equivalent electromagnetic prop-
erties. Compared to a detailed model, the proposed model
requires much less computational time and does not require
the exact replication of the geometry, which usually con-
sists of a large number of small inserts. The modeling using
equivalent electromagnetic properties allows the simulation
of multimaterial cookware using 2D axisymmetric and ana-
lytical models, further simplifying the model since the 3D
simulations can be computationally intensive. This cookware
characterization method simplifies the mapping of equivalent
parameters of existing cookware on the market to classify
them for identification and detection purposes. In addi-
tion, it facilitates the design of inductors and power con-
verters for induction cooktops optimized for multimaterial
loads.

From the results obtained, it can be extracted that, for a
constant percentage of aluminum, the size of the inserts does
not significantly influence the electromagnetic performance
of the system, allowing to choose the most beneficial insert
size to improve the heat transfer. As for the choice of materi-
als, the best option for the ferromagnetic part of the cookware
is to choose a material with high magnetic permeability and
low conductivity so that when combined with the aluminum
inserts, they can achieve optimum equivalent electromagnetic
properties with a σeq/µr, eq ratio between 5·103 and 2·104.

The experimental measurements verified that the equiva-
lent model obtains good results from 12% to 37% of alu-
minum in the cookware base, with various types of inductors
and inserts with different arrangements and sizes. Further-
more, through the FEA simulation, with the detailed and
equivalent model, it has been proven that satisfactory results
are achieved over the whole range from 0% to 50% of alu-
minum in the cookware’s base.
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