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Abstract

Purpose — The purpose of the study is to design the compensation network of a dynamic wireless power
transfer system, considering the movement of the receiving coil along an electrified track with a large number
of inductors buried on the road.

Design/methodology/approach — A finite element model has been developed to calculate the self-
inductances of transmitting and receiving coils as well as the mutual inductances between the receiving coil and
the transmitting ones in the nearby and for various relative positions. The calculated lumped parameters, self-
inductances and mutual inductances depending on the relative positions between the coils, have been considered
to design the compensation network of the active coils, which is composed of three capacitive or inductive
reactances connected in the T form. The optimal values of the six reactances, three for the transmitting coils and
three for the receiving one, have been calculated by resorting to the Genetic Algorithm NSGA-IL

Findings — In this paper, the results obtained by means of the optimizations have broadly discussed. The optimal
values of the reactances of the compensation networks show a clear trend in the receiving part of the circuit. On the
other hand, the problem seems very sensitive to the values of the reactances in the transmitting circuit.

Originality/value — Dynamic wireless power transfer system is one of the newest ways of recharging
electric vehicles. Hence, the design of compensation networks for this kind of systems is a new topic, and there
is the need to investigate possible solutions to obtain a good performance of the recharging system.

Keywords Finite element analysis, Dynamic wireless power transfer, Compensation networks

Paper type Research paper

COMPEL - The international © Manuele Bertoluzzo, Paolo Di Barba, Michele Forzan, Maria Evelina Mognaschi and Elisabetta
Journal for computation and Sieni. Published by Emerald Publishing Limited. This article is published under the Creative

mathematics in electrical and

electronic engincering Commons Attribution (CC BY 4.0) license. Anyone may reproduce, distribute, translate and create
;’;’_1'745?6%14’ o derivative works of this article (for both commercial and non-commercial purposes), subject to full

gé‘,‘;z‘jlgj;“bﬁ*“““g Limited attribution to the original publication and authors. The full terms of this license may be seen at http://
DOI 101108COMPEL1020230549 ~ creativecommons.org/licences/by/4.0/legalcode


http://dx.doi.org/10.1108/COMPEL-10-2023-0549

Introduction

Dynamic wireless power transfer systems (DWPTSs), are object of intensive researches since
they are expected to enhance the electric vehicle diffusion (Choi ef al, 2015; Bi et al., 2016). The
first wireless power transfer systems (WPTSs) were developed as a static recharge station,
with the transmitting coil buried in the parking area, and intended to be substitutions of the
classical plug-in recharger (Choi et al, 2015; Lukic and Pantic, 2013; J2954_202010 Wireless
Power Transfer for Light-Duty Plug-in/Electric Vehicles and Alignment Methodology, 2020).
The static recharge, already standardized by Society of Automobile Engineers (J2954_202010
Wireless Power Transfer for Light-Duty Plug-in/Electric Vehicles and Alignment
Methodology, 2020), requires a vehicle to stop in an equipped parking area for the time required
for battery recharge. Innovative dynamic systems might allow to recharge the batteries while
driving and are the current challenges in vehicle recharge systems (Choi et al, 2015; Bi et al.,
2016; Tan et al, 2019; Di Capua et al., 2021).

A wireless recharge system, both in static and dynamic solution, comprises a receiving
coil mounted on the bottom of the vehicle frame, and one or a set of inductors, the
transmitting coils, positioned under the road surface (Choi ef al, 2015; Li and Mi, 2015).
Wireless power transfer systems make use of magnetic induction to transfer the power from
the transmitting coil to the receiving coil (Bi et al., 2016; Feng et al, 2020; Sun et al., 2018).
Each coil is equipped with a ferrite layer to concentrate the magnetic flux and to shield the
leakage electromagnetic field. The width of the air gap between the coils depends on the
vehicle model (J2954_202010 Wireless Power Transfer for Light-Duty Plug-in/Electric
Vehicles and Alignment Methodology, 2020).

The power transferred to the load, i.e. the battery, depends on the compensation network
connected to both the transmitting and receiving coil (Zhou et al, 2020; Dashora et al., 2018;
Chen et al, 2020; Zhang and Mi, 2016). The design of the compensation network aims to
increase the power transferred to the load (Ali ef al, 2019; Zhang and Mi, 2016) and the
transmission efficiency. During static recharge, the receiving and transmitting coils are
in a fixed position that must guarantee their good inductive coupling of the coils; this way
the design of the compensation network is relatively easy since the mutual inductance
between the coils is known and constant. Conversely, in the dynamic recharge, the vehicle
runs over a track formed by a strip of transmitting coils (Barmada et al., 2023; Sandrolini
et al., 2023). This way, the mutual inductance experiments a variation during the vehicle
movement and the compensation networks have to be designed in order to match
different alignment conditions.

In this paper, a strip of inductors buried on the road and one receiving coil that shift over the
strip are simulated using finite element analysis (FEA) to compute the mutual and self-
inductance for different reciprocal positions. The obtained mutual and self- inductances were
used in the circuital model of the resonant system to optimize the compensation networks (CNs)
that are able to guarantee the best performance in efficiency and power transmission. The
considered CNs are formed by three reactive elements arranged in a “T” topology. With a proper
selection of their reactances, this layout allows to reproduce the behaviour of most of the CNs
considered in the literature (Bertoluzzo et al, 2023). For this reason, these CNs have been
considered in the literature (Bertoluzzo et al, 2022a, 2022b, 2022c) devoted to the optimization of
a static WPTS. A DWPTS is analysed in a study (Bertoluzzo et al., 2022a, 2022b, 2022c), where
the “T” CNs are optimized considering the receiving coil is coupled with only one transmitting
coil at a time. The presented paper, instead, considers a DWPTS where the receiving
coil is coupled with two transmitting coils at a time, thus representing a much more
realistic condition. Moreover, the objective functions (OFs) minimized during the
optimization are focused on the average of the efficiency and of the transferred power
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Figure 1.

Layout of the DWPT
system model
considered for the
FEA

over different positions, in an attempt to compensate for the variation of the coupling
coefficient between the coupled coils while the vehicle moves over the track.

Forward problem

The layout of the DWPTSs consists of a strip of transmitting coils (TxCs) buried below the
road surface to form the track. When a vehicle runs over the track, the receiving coil,
denoted as “pickup coil”, is coupled step by step with one or more TxCs. This arrangement
has been studied by means of FEA. The simulated geometry includes five TxCs and the
pickup coil, considered perfectly aligned with the main axis of the track (FLUX (Altair),
2024). The TxCs and the pickup coil are identical and composed of 15 turns with an external
diameter of 390 mm (Buja et @/, 2015). The distance between the centres of the TxCs is set to
750 mm, and the coil gap is 200 mm. All the coils are equipped with a ferrite layer, a plate
with a side of 400mm and of a thickness of 6mm with an initial relative magnetic
permeability of 3,000. The model used for the FEA is represented in Figure 1(a), whereas
Figure 1(b) shows a schematic of the model section with the size of the implemented
components.

Given the geometry in Figure 1, FEA solves a time harmonic magnetic field problem
using Flux 3D (software released by Altair Engineering [1], Inc. Troy MI, USA (FLUX
(Altair), 2024)). The coils are represented as ideal current windings that act as magnetic field
sources and are characterized by the absence of discretization (non-meshed coils). The
magnetic field produced by the non-meshed coils is evaluated using the Biot-Savart formula
(Ferrouillat et al, 2015) in a semi-analytical way. In the air volume, the reduced scalar
magnetic potential formulation that takes into account the magnetic field produced by
the ideal current paths is applied, while the influence of the ferrite volume is treated by the
scalar magnetic potential (Meunier, 2008; Dughiero et al., 2012; Binns et al., 1992; Dughiero
et al., 2010):

V- /-LOHS =V /.Lov(DR (1)
H=H, -V @

where @y, is the scalar magnetic potential and H; is the magnetic field generated by the coil
and computed using the Biot-Savart law.

Ri(/ ferrite fertite
=
| coil -
cd 1 f( ‘ 390 mm i 200 mm
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R & Flux ferr'ite 400 mm 750 mm
() (b)

Notes: (a) FEA 3D model; (b) schematic of the vertical section with size
Source: Figure created by authors



The ferrite volume is described as a continuous strip. The material of the strip is modified
according to the position of the coil, and it is air if the coil is not faced on it and acquires the
ferrite properties when a coil is faced on a given position (Dughiero et al., 2012). The typical
mesh has 344,000 nodes and 1,975,000 first-order volume elements.

FEA is used to evaluate the lumped parameters of the equivalent circuit representing the
recharge system. In particular, the self-inductance of the TxCs and the pickup coil have been
assessed, and their mutual inductance for different relative positions like in the literature
(Bertoluzzo et al., 2022a, 2022h, 2022¢).

To this end, the FEA has been performed by supposing that the pickup coil is supplied
with an alternate current having an amplitude of 1 A at the frequency fy = 85kHz (Tan et al.,
2019). A number of simulations have been performed considering different positions of the
pickup coil, starting from Position A of Figure 2, centred over the TxCa, and moving to the
right with step of 50 mm up to Position B, centred on the TxCb. In each position, the mutual
inductance between the pickup coil and the five TxCs, i.e. coils TxCa, TxCh, TxCc, TxCd
and TxCe, have been computed.

From the FEA, it resulted that when the pickup coil is centred on one of the TxCs, its
coupling with the two adjacent ones is about 1% of the coupling existing with the aligned
coil. For each position of the pickup coil on the strip of TxCs, the self and mutual
inductances are computed. In particular, Figure 3 shows the mutual inductance between the
pickup coil and the transmitting coils, TxCa and TxCb, respectively, for different positions
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Figure 2.

Pickup coil positions
considered for the
FEA

Figure 3.

Mutual inductance
M, (solid blue) and
M, (dashed red)
obtained by FEA
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Figure 4.
Equivalent electric
circuit of the pickup
and of the two
coupled TxCs

of the pickup coil. When the pickup coil is aligned to the coil TxCa, the mutual inductance
M, (mutual inductance between TxCa and the pickup coil) is maximum and My, (mutual
inductance between TxCb and the pickup coil) is minimum and vice versa.

For this reason, the model is accurate even if only two TxCs are considered in the
simulation. This condition also entails that in a real system, only two coils can be energized
at a time, given that there is no advantage in supplying more than two.

Optimization problems

The performance of a DWPT system is greatly influenced by the CNs of the coils. The CNs
are formed by reactive elements and operate as interfacing circuits between the power
supply generator and the TxCs and between the pickup coil and its equivalent load.

The proposed design considers the pickup coil equipped with three capacitive or
inductive elements arranged in a “T” topology and assumes that all the TxCs are connected
to equal CNs with “T” topology, each formed by three capacitive or inductive elements.
Following from the results of the FEA, the equivalent electrical circuit of the pickup coil and
of the TxCs can be represented as in Figure 4.

In the equivalent circuit, only the two TxCs, which the receiving coil is overlapped to, are
considered; the mutual coupling with the other coils can be disregarded. The actual load
connected to the CN of the pickup coil is constituted by the cascade of a rectifier/battery
charger and by the battery. All these elements absorb only active energy so that they can be
represented by the equivalent resistance R;.

To solve the optimization problem, three objective functions (OFs) are formulated as follows:

I_\]S Pri(X, x;)
OF1:P(X) =4&==L &)
Ns
. _ Prior(X)
Or2 - ,(X) = 30 @
OF3: P,(X) = S Pu(X,x) - (X, ) )

where P; is the average power on the load; P;; is the power on the load at the x; position
with respect to the transmitting coil strip; X is the vector of six unknown reactances;

Source: Figure created by authors



N, is the number of relative positions of the pickup-TxCs considered in the computation (e.g.
in the example NV = 16); 7, is the average efficiency computed as the ratio between the total
power supplied to the load, P, o, and the total generated power Py; P,, is the summation of
the products of power and efficiency at each considered position. OF3 is defined on purpose
to improve the energetic performance at each position.

Based on the three aforementioned objective functions, two optimization problems have
been defined and solved.

Problem (1) Find the values of the reactances X; with ¢ = 1,...,6 of the CNs that
simultaneously maximize OF1 and OF2 according to Pareto-like optimality.

Problem (2) Find the values of the reactances X; with 7 = 1,...,6 of the CNs that
simultaneously maximize OF2 and OF3 according to Pareto-like optimality.

The following remarks can be put forward: Problem (1) is focused on the performance of
the DWPT system, in terms of transmitted power and efficiency. In Problem (2), OF3 is
introduced to avoid solutions with high transmitted power but low efficiency or low
transmitted power and high efficiency.

It is worth highlighting that no resonance condition is imposed in any of the Problems.
This condition, indeed, should be enforced “automatically” by the optimization process if it
results useful for the optimization of the Problems’ solutions, as shown in a study (Binns
et al, 1992). In the same way, the variation of the resonance frequency with the relative
positions of the coils is inherently considered in the optimization process given that the OFs
consider the average values of power and efficiency along the vehicle run.

Being the power transfer based on the inductive coupling between the TXCs and the
pickup coil, there is no advantage in injecting a direct current component in the TXCs. This
component, indeed would not transfer any power to the pickup coil but would cause Joule
losses in the TXCs, in their CNs and in the supply inverters. On the other hand, current
components at frequencies much higher than the supply frequency should be avoided
because they cannot be controlled by the supply inverters and could cause faults in the
power switches. For these reasons, the impedance seen at low and high frequency at the
inverters output must be as high as possible. To this end, the two additional constraints
given by equations (6) and (7):

Xoo01 > Xo (6)

X100 > Xo )

Equation (6) considers the low-frequency current components and requires that at a
frequency equal to 0.01 times the supply frequency w, the impedance X,y seen at the
inverter output must be higher that the impedance X,, seen at the supply frequency.
Equation (7) requires that at a frequency equal to 100 times the supply frequency, the
impedance X109 Seen at the inverter output must be higher that the impedance seen at
the supply frequency.

Optimization algorithm
The design variables of the optimization problem are the six reactances, three reactance for
the receiving side and three for the transmitting side, since the authors hypothesize the same
compensation network for all the coils that form the transmitting strip.

In this paper, the classical NSGA-II algorithm was used to optimize optimization
Problems 1-2 (Bertoluzzo et al., 2022a, 2022b, 2022c; Deb et al., 2002). The population size is
50 individuals and NSGA-II run 200 times to find the Pareto front.
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Figure 5.
Pareto front of
optimization
Problem (1)

For each individual, the OFs are computed numerically by means of a Matlab function
that has the six optimized rectances as input and supplies at the output the values of the OFs
and of X001 and X, 01. In computing its output, the function solves the circuit sketched in
Figure 4. The OFs are related to the efficiency and the transferred power in different relative
positions of the pickup coil with respect to the TxCs. As a consequence, the circuit is solved
for each of these positions, using the corresponding values of the inductive parameters L,,
Ly, M, and M), obtained from the model shown in Figure 1. To simplify the computation of
the OFs, the coupling between the TxCs is disregarded. Being the coils endowed with ferrite
cores, their self-inductance depends on the relative positions and varies from 115.5 uH to
114.4 pH. The maximum mutual inductance between one TxC and the pickup is 18.1 uH.
The equivalent series resistance of the coils is supposed to be equal to 0.5 Q. The supply
voltage of the TxCs is sinusoidal with an amplitude of 300 V.

Optimization results
Optimization Problem (1)
In this problem, the optimized quantities are the average transmitted power, equation (1),
and the average power transmission efficiency, equation (2), both computed considering
different positions of the pickup coil with respect to the TxCs.

The Pareto front obtained by solving the optimization Problem (1) is shown in Figure 5.

Each of the lines reported in Figure 6 represents the actual values of the efficiency vs the
transferred power achieved in the different positions of the pickup coil. The circle at the end
of each line highlights the transferred power-efficiency condition relevant to Position A
(fully aligned position, see Figure 2). When the pickup coil moves toward Position B, the
efficiency and, in most cases, the power monotonically decreases to zero. In a few cases, the
locus of points relating efficiency to power is even a multi-valued one, and the maximum
power transferred to the load does not occur when the coils are fully aligned.

The lines relevant to the 50 individuals can be roughly split into two sets by the dashed
straight-line in Figure 6. Above this line, the transferred power is nearly maximum in
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Source: Figure created by authors

Position A. Under this line, the transferred power changes in a non-monotonic way from
Position A to Position B.

In the following analysis some individuals of each set are considered: three individuals
characterized by a transferred power around 10kW and by a rather high efficiency,
highlighted by the red circles in the high-left end of the Pareto front of Figure 5, and the
three individuals that transfer the maximum power at the expenses of a lower efficiency,
corresponding to the red circles in the low-right end of the front. These two triplets are
denoted as the high-efficiency individuals (HEIs) and high-power individuals (HPIs).

The profiles of the transferred power and of the efficiency for the six selected individuals
are reported in Figure 7. Figure 7(a) highlights the expected condition by which in the three
HPIs the maxima of the transferred power do not coincide with Position A or Position B.
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Figure 6.
Efficiency vs
transferred power
characteristic of 50
individuals
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Table 1.
Reactances of the
CNs of the TxCx and
of the pickup coil

This behaviour is similar to that found when the simple series—series compensation is used
and required to reduce the supply voltage of the TxCs whenever the pickup coil approaches
them or departs from them to avoid any over-solicitation of the DWPTS components.

The HEIs and the HPIs exhibit a somehow dual performance: the three HEIs have almost
the same efficiency [see Figure 7(b), top] in all positions of the pickup coil but they transfer
different power [see Figure 7(a), top] while the HPIs transfer the same power [see Figure 7(a),
bottom] but with different efficiencies [see Figure 7(b), bottom].

The reactance values of the optimal CNs of the selected HEIs and HPIs are listed in Table 1.

In all the considered individuals, the reactance X, ; of the CN element Z, ;, which is
connected in series to the supply system, is capacitive, thus assuring that no direct
component of current can flow in the circuit.

The reactances X}, 5, X, , and X}, . have almost the same values for all the individuals.
In particular, it seems that a high inductance is preferred for the Z, , bipole. Also
reactances X; ; and X, , have similar values, while the values of X; . vary the most along
with the individuals. All in one, this optimization problem seems very sensitive to
variables X; ; and X, , because small variations of these design variables cause a large
difference in the behaviour of the system.

The reactances of individuals HEl; and HPI; have been used in a circuital
simulation developed in the Matlab/Simulink environment to check if the performance
relevant to power transfer and efficiency, calculated numerically to implement the OFs
used for the optimization algorithm, match with those coming from a more realistic
model. In the simulations, a vehicle running at 130 km/h has been considered, so that
the time taken to move from the Position A to Position B is about 0.021 s.

Figure 8(a) is relevant to HET. It shows the profiles of the total power P supplied by the
supply generator and the power P; delivered to the equivalent load while the vehicle moves
from Position A to B and then ahead to the next coil. The solid line plots refer to the
simulation results while the dashed line plots refer to the values computed numerically.
Figure 8(b) shows the power transfer efficiency obtained from the simulation (solid line) and
from the numerical computation (dashed line). By inspection of the figure, it appears as the
matching between the simulation and the numerical results is good enough to be confident
in the performance of the algorithm set up to compute the OFs.

The same quantities have been computed considering HPI;. They are plotted in Figure 9.

Also in this case the correspondence between the simulation and the analytical results is
satisfactory. However, it is clear that a power of 400 kW is not feasible in view of a practical
implementation: these HPIs are interesting because of their non-monotonic behaviour in the
power-efficiency plane (see Figure 6) during the pickup coil movement.

The same simulations have been carried out again inserting in the model of the system
the mutual inductance existing between the two TxCs, which, depending on the position of

HEL HEL HEL HPL HPL, HPL

X, ~856 ~844 ~876 779 —764 ~753
X, 1255 12.72 12.69 9.25 9.20 9.06
X, —54.79 ~60.33 —61.15 ~1695 —2272 —2281
Xy ~106.08 ~106.00 ~10551 -107.37 ~106.44 ~107.12
X, 370.59 370.66 370.37 372.24 37221 37153
X, 4592 45.88 4561 4470 44.10 44.03

Source: Table created by authors




the pickup coil, ranges from about 0.2 uH to 0.4 wH. The obtained results compared with Improved
those coming from the numerical computation are reported in Figures 10 and 11. The first compensation
of them, relevant to HEI;, demonstrates that the simulation results are nearly equal to those networks
obtained by neglecting the TxCs mutual coupling, so that it can be concluded that the

optimized CNs are robust against its variation. In the case of HPI;, considered in Figure 11,

the sensitivity of the CNs to the mutual coupling results a little higher, especially when the

pickup coil is not aligned with the TxCs, and this causes an increasing of the supply power 795
and a consequent decreasing of the efficiency. In any case, the results of the simulations are
comparable with those coming from the numerical computation.

Optimization Problem (2)
In this problem, the optimized quantities are the average product of the transmitted power
by the relevant efficiency (3), and the average power transmission efficiency (2), both
computed on the different positions of the pickup coil with respect to the TxCs.
The Pareto front obtained by the solution of the optimization Problem (2) is shown in Figure 12.
The efficiency as a function of the transferred power in different positions of the pickup
coil is represented in Figure 13. Also in this case, 50 individuals are considered, each line of
Figure 13 pertaining to one of them.
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Figure 10.
Solutions labelled
HET,

Figure 11.
Solutions labelled
HPI;
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The figure shows that in most of the individuals, a comparatively high efficiency is
maintained in a rather large power interval while only the few individuals, whose power-
efficiency characteristics fall on the left of the dashed line, exhibit an efficiency constantly
increasing with the transferred power.

In the following analysis, two triplets of individuals have been selected. The first set
is characterized by an efficiency higher than 70% but their transferred power is lower
than 1kW. It is highlighted by the red circles in the left-upper end of the Pareto front in
Figure 12 and is denoted as the HEISs set. The other set has a lower but higher than 65%
efficiency, and it allows to transfer a much higher power that reaches 7.5kW. These
three individuals are positioned roughly on the first quarter of the Pareto front and are
denoted as the HPIs.

The profiles of the transferred power and of the efficiency for the six selected individuals
are reported in Figure 14.
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Differently from the results coming from Problem (1), now all the individuals reach the
maximum transferred power in Position A or in Position B, where the pickup coil is aligned
with one of the TxCs, whilst in some individuals the maximum efficiency is reached out of
these positions.

The optimal reactances that form the CNs are listed in Table 2. The CNs of the three HPIs
are quite similar, while those relevant to the HEIs have some differences. For both sets of
individuals, the reactance X, connected in series to the TxC compensates for the self-
inductance of the coils itself, thus implementing a series compensation.
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Figure 12.
Pareto front of
optimization
Problem (2)

Figure 13.
Efficiency vs
transferred power
characteristic of 50
individuals




COMPEL Simulations have been carried out to check the correspondence between the results
434 coming from the numerical computation of the OFs and those obtained from a more detailed
model of the system that also encompasses the effect of the mutual coupling between the
TxCs. As an example, the power profiles and the efficiency obtained from the individual

HPI; are reported in Figure 15.
In both cases, there is a good correspondence between the simulation and the analytical

798 results that confirms also in this case the low sensitivity of the CNs to the mutual coupling
between the TxCs.
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Discussion

The analysis of the results obtained by solving the two optimization problems and of the
related comments, reported in the previous sections, allows to establish that a DWPTS sized
according to the solutions of the optimization Problem (2), which maximizes the product of
the transmitted power by the efficiency, is more suitable. Indeed, from Figures 7 and 14, it
comes that these individuals originate DWPTSs that exhibit an efficiency from two to three
times higher than the efficiency reached by the system sized according to the solutions of the
optimization Problem (1). On the other side, the figures show that the power transferred by
the DWPTSs coming from the optimization Problem (2) is about half of the power
transferred by the other ones. Nevertheless, this is not a serious drawback. Indeed, in
conventional battery chargers there is a tendency to increase the transferred power as much
as possible, compatibly with the battery’s capability, to minimize the charging time. In the
case of DWPTSs, however, this last parameter is not so important given that charging
occurs while the vehicle is being used. Consequently, the vehicle would have an infinite
range and no charging time should be considered if it were possible to transfer onboard the
average power used while driving. Considering the average driving power is much lower
than the maximum power declared by the vehicle manufacturer, the ability to transfer a
power of more than 30 kW when the TXCs and the pickup are aligned can be considered as a
good starting point for the sizing of any DWPTS.

It must also be considered that the aim of this paper is to demonstrate the validity of the
approach followed for the optimization of a generic DWPTS, without setting any type of
specification regarding its performance. When designing a specific DWPTS, the definition
of its performance should be the starting point of a recursive process which involves a
preliminary design of the system, the selection of the solutions proposed by the optimization
algorithm for the CNs, the re-design of the system in accordance with the stresses to which
the TXCs and the pickup will be subjected, a new optimization of the CNs and so on until the
results converge. This procedure is out of the scope of the paper.

Conclusion

The paper presents the optimization of the CNs of a DWPTS based on an finite element model for
mutual inductance calculation. The optimal design of the CNs improves the efficiency and
transferred power during the electric vehicle movement. This topic is particularly challenging
since the pickup coil experiences maximum and null coupling conditions periodically. The CNs
have to be able to improve the power transfer to the battery guaranteeing feasible conditions. The
chosen CNs have to preserve efficiency in aligned condition, transfer a reasonable average power
and avoid undue solicitations of the coils, the CNs and the supply generator. This paper
investigates possible solutions and the most suitable are the ones that improve the efficiency even
if they present a power lower than low efficiency solutions. Finally, the power transmitted to the
vehicle battery at high efficiency is large enough for effective implementation in the studied device.
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1. https://altairhyperworks.com/product/flux
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