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Summary

An H-bridge inverter is employed in typical Inductive Power Transfer (IPT) For EV systems as the primary
side power supply. Because of constraints related to power electronics devices and their costs, this inverter
may not be suitable for high power Wireless Electric Vehicle Charging System (WEVCS). In this paper, A
high-frequency cascaded multi-level inverter which is suitable for high power applications is proposed.
Total Harmonic Distortion (THD) analysis for the H-Bridge and the (CHB) is done based on simulations and
experimental validations obtained with a 3kW prototype system. Results demonstrates the effectiveness of

the proposed topology choice. This approach can be useful also for high power (WEVCS).

Keywords: EV, inductive charger, wireless charging, inverter, BEV.

1 Introduction

Today, charging technology for EV is based mainly on plug in and charge the vehicle batteries using an
onboard charger. The problem with the conductive charging of EV is the gauge cables which are difficult to
handle and may cause hazards [1]. Besides that, it needs a wide charging network be installed to facilitate
the adoption. An alternative technology to charge an EV, referred to as wireless power transfer (WPT) has
been investigated. (WEVCS) can be a promising alternative technology to charge the (EVs) without any
plug-in requirements [2, 3]. The advantages of wireless charging are, safety, convenience, and a fully
automated charging process [4].

The (WEVCS) is based on inductive power transfer. It consists mainly of two components: the first is placed
on the track including the AC/DC and DC/AC converter dedicated to providing (HF) High Frequency AC to
feed the coupler primary coil and the second part mounted underneath the (EV) is composed of the coupler
secondary coil, a rectifier and DC/DC converter to charge the (EV) Battery.

Optimization of power systems with the use of Multi level inverters has been extensively researched [S5, 6].
The main advantages were low Total Harmonics Distortion (THD), less switching losses and low leakage
current [7, 8]. Multilevel converters are increasingly being used in medium and high-power application
because of their high operation ratings like the god output voltage profile and reduced stress across the power
switches. There are three main multilevel converters in literature: Diode Clamped Converter, Flying
Capacitor Converter, and the cascaded H-Bridge Converter (CHB). The CHB is widely used mainly because
of its modularity and good relation between the number of switches and levels generated.
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In order to enhance overall (WEVCS) efficiency, compensation capacitors are added in series on both
transmitter and receiver part of the system [9, 10]. In this paper, to ameliorate the power transfer, we propose
to evaluate the Total Harmonic Distortion (THD) of a multilevel topology namely Cascaded H-Bridge (CHB)
in comparison with the 2 levels H-Bridge converter used as a DC/AC in the proposed (WEVCS). PSIM and
LTSPICE simulations are done for the (WEVCS). FFT analyses of output voltage are carried out and 2L.-H-
Bridge and nL-CHB (n= 3, 5, 9) were studied and compared. Experimental validation was carried out on a 3
kW Wireless Power transfer (WPT) prototype with a DC/AC 5L-CHB developed at VEDECOM. The
obtained results demonstrate the effectiveness of the proposed (WEVCS)

2 Proposed WEVCS

Figure 1 shows a typical WEVCS. A reactive power compensation is required on the primary and secondary
side to maximize the efficiency [9, 10]. These capacitors can be connected in series or in parallel to the
primary and secondary coils. There are four compensation topologies: series-series (SS), parallel-series (PS),
series-parallel (SP), and parallel-parallel (PP). In this work, (SS) topology is chosen because it offers a
constant current and voltage for the battery [11].
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Figure 1: Typical Wireless Power Transfer System for EVs

The proposed WEVCS system is based on Cascaded H-bridge converter as HF DC/AC converter. It consists
of a first part on the track with eight primary coils of the coupler fitted each one with a DC/AC converter.
The second part includes secondary part of the coupler and a remote access robot is used to emulate the EV.
The mobility of robot can be used also to characterise the power transfer with different coil, magnetic ferrite
shapes and displacement scenarios.
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Figure 2: Proposed WEVCS
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3 Cascaded H Bridge converter

In cascaded H Bridge converter topology (CHB), several H Bridge modules are connected in series to provide
multilevel output voltage. When the DC link capacitor have different voltage values, it is possible to achieve
more levels than when the DC link voltage levels are the same. In the proposed topology, the DC voltage for
the two H-Bridge is the same.

Cascaded H Bridge converter requires several isolated dc supplies which make it suitable converter of
distributed generation supplies i.e. power from batteries, fuel cell, photovoltaic cell can be united together.
Figure 3 shows the inverter output voltage waveform Vag for SL-CHB with the phase shift modulation
technique. The inverter phase voltage of nL-CHB is given as:

1
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Figure 3: Phase modulated voltage for SL-CHB

4 Modelling and analysis
The aim of this work is to evaluate the output voltage and current of the HF-converter.

The H-Bridge and the CHB are simulated using LTSPICE and PSIM with a resistive load. In the first tests,
the THD of voltage Vg at the primary side of the coil. This test has been done in the same conditions for
both topologies: H Bridge and 5L- CHB. The voltage output waveform for H-Bridge and CHB are shown,
respectively, in Figure 3(a) and 3(b). In the CHB inverter, the output voltage becomes smoother and more
sinusoidal. The DC input voltage is 60V. It can be seen that for Voltage Total Harmonic Distortion noted
THDv, the amplitude for all order harmonic are attenuated as shown in Figure 4.

For experimental tests and simulations, we have chosen the Total harmonic distortion parameter defined by
THDkr which is the RMS value of the sum of all harmonic components (Vn,ms for voltage) to a specified order
(N) to the RMS value of the fundamental component (V1 ms for voltage,) Equation 2 is the formulas for
voltage THD used in experimental tests:
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Other simulations were done also for three and nine levels CHB. It can be concluded, as presented in Figure
5, that by moving from three to five levels, the THDy decreases with 13,5% and for nine levels, it steps down
with 8.09% in comparison with five levels. Therefore, in order to guarantee the best compromise between
the inverter THDv and number of levels, we choose the SL-CHB.
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Figure 4: Waveforms of the output voltage Vap and current i, for (a) H-Bridge (b) CHB topology
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Figure 5: Harmonic spectrum of DC/AC output voltage Va3 for (a) H-Bridge (b) CHB topology
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S Experimental Validation

A 3-kW prototype DC/AC 5L-CHB converter topology (Figure 7) was constructed, and an experimental
setup was designed and set up as shown in Figure 8 at the charging systems workshop. Table 1 gives the
specifications of the system. The switching frequency is taken to be 85 kHz. The experiments of a load
variation were examined to confirm the suitable operation of the system. Figure 9 shows, respectively, the
waveforms of the voltage Vag and the current i, of the SL-CHB.
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Figure 8: VEDECOM 3 kW Dynamic Wireless Electric Vehicle Charging System (D-WEVCS)

Table 1: Specification of the proposed WEVSC

Parameter Value
DC input voltage 60 V
Primary inductance 60 uH
Secondary inductor 60 uH
Coefficient coupling 0.15
Resonant capacitors 66 nF
Power range 0-3 kW
Switching frequency 85 kHz
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Figure 9: Experimental results of output voltage Vg and current i, for 5SL-CHB topology with different load

It should be noted that the comparison between the two topologies is done at the same conditions namely
power, current, voltage and fundamental voltage component. For instance, for input power of 900 W, THDvr
for H Bridge and 5L-CHB was, respectively, 45,33% and 24,22%.

Figure 10 presents the harmonic spectres of the primary and of the inverter output voltage, with an operating
frequency is equal to the resonance frequency i.e. 85 kHz. We can observe that the third order harmonic is
important for the two topologies. It also clear that the odd order harmonics are attenuated using the SL-CHB.
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Figure 10: THDy Histogram of the Magnitudes RMS (% fundamental) = f (Harmonic order) (a) H- Bridge (b) 5L-
CHB Topology

6 Conclusion

A cascaded multilevel converter namely (CHB) based IPT system has been proposed not only to improve the
output power quality but also to facilitate then the use of (CHB) for high power (WEVCS). A3 kW (WEVCS)
prototype is built at VEDECOM and performances assessment are in progress also to evaluate efficiency and
interoperability of the system. A THD comparison between H-Bridge and (CHB) is presented in this paper
using results from simulations and experimental validations. Total Harmonic Distortion was examined by
the simulation of the nL-CHB converters. Both experimental and simulation results are done for 5L-
CHB and H-Bridge and prove the interest of Multilevel inverter for wireless power transfer.
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