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Abstract— Dynamic Wireless Power Transfer from roadside facilities to a moving EV, has been studied [1]-

(DWPT), which has been attracting attention in recent
years, is a system that solves the problems of Electric
Vehicles (EVs), such as long charging times and short
cruising ranges. This study proposes a system for local
production and local consumption of electricity by using
grid-connected photovoltaic (PV) as an energy source for
DWPT. When the PV is generating excess power
compared to the electricity demand, the power is returned
to the grid. When the PV is not generating enough power,
the grid subsidizes the shortage. In this way, the DCbus
voltage can be maintained at a constant level, enabling a
stable supply of power to the EV on the demand side. The
effectiveness of the proposed system was verified using
circuit analysis software (MATLAB/Simulink), which
enables stable DWPT while performing maximum power
point tracking (MPPT) control of the PV panels and
DCbus voltage control using a Dual Active Bridge (DAB)
converter connected to the Grid side. The results show
that the DCbus voltage can be controlled within plus or
minus 1 percent of the target value regardless of the
fluctuating PV and the coupling coefficient between the
transmission and receiving coils, and the power
conversion efficiency of the DWPT was up to 70 percent.
Thus, the proposed system was found to be effective and
feasible.

Keywords—Dynamic Wireless Power Transfer,
Photovoltaic, Electric Vehicles, MPPT, Grid-connected,
DAB converter, DC bus

I. INTRODUCTION

In recent years, there has been a strong global trend toward
decarbonization, which calls for a shift from gasoline-
powered vehicles that emit CO2 to electric vehicles that are
powered by electricity. However, several issues remain with
EVs. First, the cruising range is shorter than that of gasoline-
powered vehicles. This is largely related to the on-board
battery. Simply increasing battery capacity is not a desirable
solution because it will lead to a price increase for the vehicle
itself. In addition, the lack of charging facilities and the long
time required to charge them have also hindered the spread of
EVs. As a solution to these issues, Dynamic Wireless Power
Transfer (DWPT), which wirelessly transmits electric power

[4].

DWPT systems can also improve the charging infrastructure
and increase range without enlarging the battery capacity.
Furthermore, the use of photovoltaic (PV), a renewable
energy source, as the power source for DWPT will lead to
further decarbonization. This paper proposes a PV + DWPT
system in which the power source of the DWPT is grid-
connected solar power. Several studies of systems combining
PV and DWPT exist [5]-[10]. In [6], PV is installed on top of
an EV, and in addition to DWPT, the PV power is sent directly
to the battery. In [7], [8], and [9], when off-grid PV generates
excess electricity, it is stored in a battery, from which power
is supplied when the PV is not generating. In [10], PV is
connected to the grid, but the grid and DCbus are not isolated,
making the system impractical. In [5], which is the focus of
this study, PV and Grid are swapped using a switch, which
means that PV generation is stopped when DWPT is not
performed. To eliminate this waste of power, this paper
installs a Dual Active Bridge(DAB) converter. This isolated
bidirectional DC/DC converter returns PV power to the DC
grid when PV is generating excess power and compensates
for the power shortage from the grid when PV power is
insufficient. Furthermore, a DAB converter is used to control
the DCbus voltage to enable stable DWPT. The effectiveness
of the proposed system is verified using circuit analysis
software. In section II, the overall system of the proposed
PV+Grid+DWPT system is presented. In section III, the
simulation details of the proposed system are shown. Finally,
IV presents the conclusion.
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Fig.1 Overall picture of grid-connected PV+DWPT system
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Fig.2 Schematic diagram of proposed system

II. PROPOSED PV+DWPT SYSTEM

An overall picture of the proposed system is shown in Fig.
1. As shown in Fig. 1, the PV and AC Grid are connected to
a common DC Bus, each through a converter. The PV and
AC Grid are then connected to a power transmission coil
buried in the road. When the EV drives on the road, the power
is sent from the transmission coil to the receiving coil
mounted on the EV by magnetic field coupling, and the
battery is charged via the DC/DC converter. Fig. 2 shows the
schematic diagram of the proposed system. From Fig. 2,
many PV panels are installed near the road where power is
supplied, and MPPT control is performed by a DC/DC boost
converter operating at a switching frequency of 10 kHz so
that maximum PV power is always available. As mentioned
in the introduction of I, the power grid is connected to
stabilize the fluctuating PV power. In this paper, however, the
AC grid and AC/DC converter are treated as a simplified DC
grid. The DC grid is connected to a DAB converter, and the
switching frequency of the DAB converter operates at 50 kHz
square wave. By controlling the output current of the DAB
converter, the DCbus is operated at a constant voltage. The
DC/AC inverter after the DCbus is operated at a switching
frequency of 85 kHz. Finally, an LCC topology, in which an
LCL filter with gyrator characteristics is applied to the
wireless power transmission (WPT) topology, is used to send
power from the transmitter coil (road side) to the receiver coil
(vehicle side) to charge the EV's battery. This study
simplifies the EV side DC/DC boost converter and battery
voltage to a constant voltage source.

A. Double-LCC Topology Used in DWPT

The basic circuit of the DWPT system studied in this paper
is shown in Fig. 3. The reason for using the Double-LCC
method among various magnetic resonance coupling methods
is that when the coupling coefficient k is 0, no current flows
in the transmitter coil due to the input impedance
characteristic of the primary side. This characteristic
eliminates the need for vehicle detection on the receiving side
and ON/OFF control on the transmission side. In Fig. 3, the
LCC circuit is designed so that LC resonance occurs in each
closed circuit, and the resonance conditions are shown in
equations (1) and (2) below.
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B. DAB Converter

DAB converters are frequently used as isolated
bidirectional DC/DC converters for transforming high
voltages in power systems and for bidirectional power
transmission [11]-[13]. The reason for this is that they enable
zero-voltage switching while maintaining high density and
also have high power transmission efficiency. Therefore, in
this paper, a DAB converter is connected to the DCgrid to
achieve constant DCbus voltage. The basic circuit of the DAB
converter is shown in Fig. 4. The DAB converter consists of
two full-bridge circuits connected to a high-frequency
transformer, which isolates the primary (left side) and
secondary (right side) full-bridge circuits. The primary full-
bridge circuit is connected to the DCgrid and the secondary to
the DCbus. Bidirectional power transmission can be
maintained or controlled by changing the phase angle of the
secondary side relative to the primary side.
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C. Control Method of DAB Converter

Constant voltage control of the DCbus is performed by
phase shifting the DAB converter. Referring to [11], Fig. 5
shows the control block diagram of the DAB converter.

The target voltage value of the DC bus; Vpcpys,, ’ is
compared with the measured value; Vp¢p,,s, and PI control is
performed to obtain Iz, . Next, feed-forward control is
performed from the measured value Ip 45 to obtain I;;. Then,
using the target value of the output current Ip,p_, . obtained

by adding Ir, and Iz, together, the phase angle ¢ of the
secondary side is determined and the phase shift is performed.
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Fig.5 Block diagram of DAB converter control

Table.1 Simulation Parameters

(a) PV parameters

In this way, power adjustment of the DCgrid is made possible.
The following formula (3) shows how to obtain the phase
angle ¢. Here, the direction sent from DCgrid to DCbus is the

positive direction of Ip,p -

T T 1 8fDABLmIDABref (1 > 0)
2 2 . Vgria PABres
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III. SIMULATION METHODS AND RESULTS

A. Simulation Methods

Simulation of the proposed system is performed using
circuit analysis software based on the circuit diagram in Fig.
2. The coupling coefficient k is set so that an EV with one
receiving coil between 0-2 seconds runs over a transmission
coil with a 50% laying ratio. This paper presents through
simulation that the DCbus voltage remains constant and
stable DWPT is performed regardless of the variation of the
coupling coefficient between the transmitter and receiver
coils.

The parameters used in the simulation are shown in Table 1.
In (a), the PV panel parameters are shown: the switching
frequency of the DC/DC converter is set asfp,, the minute
variation amount when the duty ratio is changed by MPPT
using the mountain-climbing method is set as Ad and the
sampling time to update the duty ratio is set as duty sample.
In (b), the parameters around the DAB converter are shown.

kHz Ad Duty sample Lpy[mH Cpy[uUF CyclpuF . N .
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and the value of the resonant elements of the Double-LCC
circuit are shown. In (4)-(7), the formulas for calculating
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Ppy =Vpy xIpy  (4)
Pyria = Vocbus * Ipas (5)
Py = Vpepus * Ipwpr  (6)
Pout = Vour * Iour (7)
Ppy represents the output power of PV, and Py, represents
the amount of power when the direction in which power is sent
from DCgrid to DCbus is the positive direction of I 5. Pi,
represents the input power of DWPT, and P,,,; represents the
output power of DWPT.

B. Simulation Results and Discussion

Simulation results are shown in Figs. 6 and 7. Fig. 6

shows the coupling coefficient of the DWPT and the results
around the PV. (a) shows the variation of the coupling
coefficient from 0-2 seconds, and (b) shows the amount of
power generated from an irradiance of 1000 W/m? at the PV
panels, showing that as the voltage changes, the amount of
power generated also changes, with the maximum power
around 13 kW. In (c), Ppy tracks Pyppr, indicating that the
MPPT control is working properly.
Fig. 7 shows the results around the DAB converter and
DWPT. In (a), the DCbus voltage variation is shown. When
Vbcpusrer 18 set to 600V, Vpcpys 1s kept constant within +1%
of the target value. Therefore, it can be said that the constant
voltage control was successfully performed. In (b), the
variations of Ppy, Pgrig (= Ppag), and Ppyypr are shown.
The results show that when there is no demand on the DWPT
side, the PV power returns to the DC grid. Also, when the EV
runs on the six transmitter coils, the DC grid supplies the
power that is not enough for the PV alone. This indicates that
the DC grid absorbs and sends out power according to the
power fluctuations of the PV and DWPT. Therefore, it can be
said that DWPT is stably operated without wasting the power
generated by PV. In (¢), P, and P,,; are shown. From the
results, power was sent to the vehicle side due to the variation
of the coupling coefficient between the transmitter and
receiver coils, and the power transmission efficiency was
about 70% at maximum. One possible reason for the
relatively low power transmission efficiency is that the circuit
on the EV side is simplified to a constant voltage source. Also,
standby power is seen when the EV is not running on the
transmitter coil, but this may be because the connected
inverter does not perform switching control to reduce standby
loss.

IV. CONCLUSION

In this paper, we proposed a grid-connected PV+DWPT
system and demonstrated the system through simulations. The
simulation results show that the MPPT control of the PV was
successfully performed while DWPT was used. Furthermore,
the connected power system was able to absorb or supply the
excess or shortage of PV and keep the DCbus voltage constant
within +1% of the target value. thus enabling a stable DWPT
of 70% power transmission efficiency. Based on the
simulation results, the proposed grid-connected PV+DWPT
system has proven to be a feasible system that enables local
production and local consumption of electricity.

As a future effort, we are working on bench-scale experiments
and plan to further verify the effectiveness of the proposed
system. In addition, we will examine how the constant voltage
control works when PV fluctuates significantly, and work to
increase the power transmission efficiency and reduce standby
losses.
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