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Abstract - Power transfer without the need of wires or other electrical conductors of any
kind. In order to minimise transmission, allocation, and other kinds of losses have put out a
theory that is covered in this discussion on the use of microwaves to convey electricity. This
method is referred as microwave power transmission (MPT). Along with the evolution of
wireless power transmission systems and the associated developments and also described and
connected a number of elements of the power transmission methods that are now on the
market Also covered the fundamentals of wireless power transmission (WPT), its advantages
and disadvantages, and its uses. Due to arbitrary charging control brought on by their
increasing popularity, a sizable number of electric cars (EVs) will pose a burden on the grid
in the future. In order to make EVs compatible with the grid, controlling the vehicle’s
charging and discharging conditions is crucial. Thus, this study proposes a bidirectional PV
battery-assisted EV parking lot design with vehicle-to-grid service using a multiport DC-DC
solid state transformer structure, taking into account the possibility that EVs would be seen as
energy storage devices. In this paper, a system Grid to vehicle and vehicle to grid power
transfer, EVs are charged by wireless power transfer method in the parking slot is presented.

Keywords - PV, EV, Wireless Power Transmission (WPT), Wireless Charging for EV,
Converters

1. Introduction
The demand of EVs has spurred the growth of numerous charging techniques, with
wireless chargers appearing as a potential substitute for traditional cable charging. The
creation of an electric car wireless charging station is going to be the main focus of this work.
The wireless charging system for the EV is composed of the charging station and receiving
unit. The EV&#039;s battery is recharged by means of a current of electricity that is
experienced by the receiver device due to the magnetic field produced by the charging
surface. A multitude of considerations go into the layout of the wireless charging structure,
including selecting the appropriate parts, optimizing the system’s efficiency, and meeting
safety regulations [1-3].
One important new development in the area of power circuits is the rapid charging of EVS
via WPT. The size of the primary storage battery may be lowered, greatly lowering the pric
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weight, and usage of elements made of rare earths, by lowering the need for all of the power
needed for a trip within the vehicle. A vehicle-mounted coil passes across primary pads,
which are embedded coils in the road, in a conventional dynamic electrical charging system
that operates in a sequential manner [4-7]. Power may be supplied to the EV using a magnetic
connection between its coils. A number of isolated coils have been shown to be more
realistically viable than just one unbroken the right path, as is so with other systems using
WPT. A main pad that is provided by the grid wirelessly transmits power to a pad that is
positioned beneath an EV via magnetic coupling in an ordinary WPT charging arrangement.
At an ordinary inductive power transfer (IPT) frequency of operation of 85 kHz, the ground
pad set has to be carefully energised in parts less than the total length of the vehicles going
over it. The implementation of the dynamic charging in real-world systems faces a number of
noteworthy obstacles [8,9]. The extremely powerful pulses produced by the discontinuous
power transmission need to be handled by the EV&#039;s electrical system. The EV battery
is overheated and deteriorated when a strong current burst is directly fed into it [10]. The
entering burst of energy needs to be kept another way because the ultimate goal of rapid
charging is to enable smaller batteries with corresponding reduced maximum charge ratings
for power. Super capacitors (SCs) have formed the basis of immediate, high-density storage
of energy that has been suggested for dynamic charging purposes. The ease and durability of
connecting the SC directly to the EV dc bus are advantages, however the restricted voltage
swing causes a poor utilisation of the SC’s battery capacity [11, 12]. Although it comes with
more expense, complexity, and components, using a specialised dc-dc converter to link the
SC to the EV dc bus gives good utilisation and management. Using an energy reserve on a
charging the system’s main side lowers the grid’s highest demand and enhances the power
factor. To link an EV dc bus, a fuel cell made of hydrogen, and other powerful power source
like a flywheel or SC, multiport dc-dc converters were created. The power needed by the
EV’s propulsion systems and the speed at which it charges are the main determinants of the
amount of energy storage needed for a dynamic charging device. While the EV battery can
manage power variations over a long period of time, the substantial amount of extra energy
storage is best suited for handling short-duration power variations, which are common in
pulsed charging. Flywheels are one type of energy storage device that has been created for
light rail uses, however at this stage of growth, it is not suited for automobile uses [13-15].
The well recognised answer to the issue of handling extremely high energy pulses
experienced during the dynamic charging of EVs is a bank of SCs acting as an energy buffer.
The effectiveness, price, size, and dependability of the entire charging mechanism are
jeopardised as the SC voltage is incompatible with the EV’s propulsion system and must thus
be incorporated into the EV utilising a separate converter stage. It is now possible to integrate
storage of energy in a SC with an IPT system that utilises a single converter thanks to a newly
designed architecture. But because the SC current must pass via the IPT pad, there are more
losses. A different approach is to divide the H-bridge’s sides into half bridge so that their
respective de bus voltages may be independently controlled, enabling power factor
adjustment [16-19].

Energy may be freely transferred between the input, output, and storage areas of the
suggested converter. The de current that passes via the IPT pad and compensating system i
eliminated in this configuration by connecting the SC and converter in this way. The volt
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waveform supplied to the IPT pad and compensating networks in the setup suggested in this
paper is without dc offset and is similar to the symmetric three-level waveform seen in a
typical IPT converter, which is an additional advantage over earlier methods[ 20,21]. For an
electrical switching conversion, the link of a SC to the common mode voltage of a dc-ac
converter is shown, and for a three-phase converter, the connecting of a dc source to its
common mode value is shown. The connecting of a dc port to an H-bridge’s standard mode
output in a resonant converter for EV charging purposes is shown in this paper [22-25].

In this paper, a system Grid to vehicle and vehicle to grid power transfer, electric vehicles are
charged by wireless power transfer method in the parking slot is proposed. Consequently in
this study, a multiport DC-DC solid state transformer design with vehicle-to-grid service is
proposed for bidirectional PV battery-assisted electric car parking lots, taking into account
the possibility that EVs would be seen as energy storage devices.

2. Materials and Methods
A Proposed System

Using inductive coupling for WPT is one of the most efficient ways to move
electricity between locations without a traditional wire network. In locations where cable
systems are difficult or impossible to access, wireless power transmission works well. Based
on if the energy is being transported across a short, mid, or long distance, it can be done so by
electromagnetic transfer, resonance induction, or inductive coupling. The purpose of this
research is to use wireless power transfer for charging a low power device through the use of
an inductive coupling charging device. In order to do this, a resonant coiled is charged with
AC power before electricity is subsequently sent to the resistive load. The effort aims to
quickly and efficiently charge a low-power device without using connections.

Figure 1 (Proposed System)

The wireless charger in this work primarily on the inductive coupling technique. The
schematic makes it evident that the wireless charger network needed both a WPT and a
wireless power receiver component in order to operate as a whole. This WPT section&#03
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transmitter coil transforms DC electricity from an oscillator into a high-frequency AC power
signal. In order to transfer energy, a high-frequency AC connected to the WPT coil would
induce a magnetic field that is alternating inside the coil. The rectifier in the wireless energy
receiver segment transforms the AC voltage that the receiving coils in the area acquire as an
induced alternating voltage into a DC voltage. Ultimately, a voltage controller component
would supply the rectified DC voltage to the load. In other words, the primary purpose of the
wireless power receiver part is to use inductive coupling for charging a low power battery.
The two primary elements of the work are the wireless power receiver and transmitter
portions. A transmitter coil, an oscillator, and a DC power supply make up the transmitter
portion of the wireless charger network. A DC power supply produces a steady DC voltage,
which serves as the oscillator circuit's input. This DC voltage is transformed by this oscillator
into high frequency AC power, which is then sent into the transmission coil. The transmitter
coil energizes and creates a magnetic field that is alternating inside the coil as a result of this
high frequency AC current. The source of electricity is made up of a circuit with a rectifier to
turn the AC voltage into a DC signal and a step-down transformer that is used to reduce the
supply voltage to a desirable level.

B. Basic Solar Cell Modeling

A resistance Rs coupled in series with a source of current made up of a single diode and a
shunt resistance architecture RS is used to produce a single solar cell. Solar energy is directly
converted into electric energy by a solar cell via the photoelectric effect. As a result, when
light strikes an electrical component, its characteristics such as resistance, voltage, and
current change. Electric current is produced as a result, independent of any external voltage
source. An external load is connected to determine power usage.

Before building a solar cell, the following equations must be solved:
Thermal voltage equation

vy = kgTopr/q 1)
Diode current equation

(L)Jrﬁ
e Ns NVTC—l ] (2)

Ip = Np — Is]
Load current equation
I, = Ithp —Ip — Isy (3)
Photocurrent equation
Iph = [ki(TOPT - TREF)ISC]IRR (4)

Shunt current equation
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Isy = (Igs + V) /Rsy %)

Reverse Saturation current

1 1
Topr . 9°Eg G— )

I = [I (———*+—==xe TopT TREF
S RS
Trer3  Nkp

(6)
Reverse current equation

_ Isc _
IRS - [e(qvock CTiOPT) 1] (7)

Output power
P=VI (8)

Where V7 is the Thermal Voltage and V; is the Junction Voltage, V. is the Voltage on Open
Circuit, Iph is the Irradiation and junction temperature photocurrent function, Is is the diode's
reverse saturation current and L,, is the amps of short circuit current. Tggr stands for the
cell's reference operating temperature and Typr is the Cell Operational Temperature (°C),
Rgy is the cell's shunt resistance, R; is the cell's series resistance.

The behaviour of a solar cell is ascertained by the creation of an electrical de equivalent
model. A current source connected in parallel to a diode can be used to simulate a perfect
solar cell. However, in real life, no solar cell is perfect, thus the model is expanded to include
an adequate shunt resistance element and an analogous tiny series resistance. In an ideal
world, it would be built with constant values that match the previously listed STC (Standard
Test Conditions).

The following diagram represents a solar cell's DC equivalent network:

Solar Cell |

Load

Figure 2 (DC Equivalent Model of Solar Cell)
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It is clear from the equivalent diagram that the voltage generated by the solar cell corresponds
to the current generated by the current source I, N, less the current that passes through the
diode I, and the shunt resistor Igy, as stated:

I, = Ithp—ID — Iy %)
The voltage across these components controls the current flowing through that
V,=V+ IR (10)

The following Shockley's formula governs diode current:
|4

AL
Iy = NP[S[e(Ns)+(NS)NVTC_1 (11)

The current flowing across the shunt resistor is determined by Ohm's Law to be

74
ISH = —L (12)

Rsy
Isy =(V + IRg)/Rsy (13)

Using these formulas in place of the other equation to calculate the load current
(r=)+Rs)
I, = L,pN, — Nyls [e Ns NVTc_l] — (IR +V)/Rgy (14)

Thus, the operating current (I,) at a given operating voltage V may be found by solving the
equation.

The maximum current that can be extracted from a solar cell at zero voltage, which is
produced by the creation and accumulation of carriers created by light, is known as the short-
circuit current (Scc). The greatest voltage that a solar cell can produce in relation to the
amount of forward bias that the solar cell experiences as a result of zero current is known as
the open- circuit voltage, or Voc

Generally speaking, a solar cell may give a maximum power of Py ax=IpaxVmax Created at
its output, but not always at STC. On the other hand, Is- and V,, or the result of OC voltage
and SC current, correspond to the optimum maximum power. As a result, the Fill Factor (FF),
is computed to describe the experiment output along with the I and V¢

FF = Pyax/IscVoc (15)

In terms of graphics, FF represents how squarely the solar cell fits into the Current Volt
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IV curve. Applying the Power Voltage PV curve, the conversion efficiency (n) of solar cells
is determined as the ratio of the incident power (P;y) to the produced maximum power

(PMAX)'

n = VOCsc FF/ Py (16)

Characteristics of the Maximum Power Point where PV and IV overlap Features are shown in
the diagram below:

FILL FACTOR
Largestrectangle
Isc L Filling IV Curve

Isc: short Circuit Current
when voltage across cell

equals zero
Voc: Open Circuit
Voltage when current

across cell equalszero
Power from 1

solar cell

Vo
VOLTAGE

Figure 3 (IV Characteristic Curve of Solar Cell)

CURRENT

B. AC to DC rectifier

An electrical component known as a rectifier converts AC, which often switches directions,
into DC, which only moves in one direction. Inverters do the opposite function, converting
DC to AC. In earlier times, synchronous electrical switches and motor-generator
combinations were additionally used. Placed to the outermost layer of a galena (lead
sulphide) crystal, a "cat's whisker" of small wire used as a point-contact converter or "crystal
sensor” in earliest radio receivers referred to as "crystal radios." Rectifiers are helpful in
many different applications, but they are commonly used in DC power supplies and high-
voltage direct current electricity transmission networks. Other uses for rectified current than
generating direct current from a power source exist. As has been indicated, rectifiers may be
used as detectors of radio signals. In gas heating structures, flame rectifying is utilised to
detect the existence of a flame.

To provide a uniform constant voltage, the output voltage may need further smoothing,
depending on the kind of AC supply and how the rectifier circuit is configured. Rectifiers are
used in many different applications, such power supply for computers, televisions, and radios,
which need a stable, continuous DC voltage, which a battery would provide. The rectifier's
output can be smoothed in certain situations by an electronic filter, which can be a capacitor,
choke, or a mixture of resistors, chokes, and capacitors. A voltage regulator may then be used
to generate a constant voltage.
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C. Capacitor Bank

A capacitor bank is a type of battery pack consisting of several capacitors connected in series
or series. This method enhances energy transfer efficiency in an AC power supply by
mitigating phase shift and power factor lag.

D. Principle of WPT

Using inductive coupling for WPT constitutes one of the most efficient ways to move
electricity between locations without a traditional wire system. In locations where cable
systems are impractical or impossible to access, wireless power transmission works well.
Based on if the energy is being transported across a short, mid, or long distance, it can be
done so by electromagnetic wave transmission, resonant induction, or inductive coupling.
The purpose of this work is to use wireless power transfer for charging a low power device
through the use of an inductive coupling charging circuit. In order to do this, a resonant coil
is charged with AC power before electricity is subsequently sent to the resistive load.

Limited
DC voltage

Trasmitter
Col Recelver Coll

Figure 4 (Block Diagram of WPT Circuit using Inductive Coupling)

The wireless charger in this work primarily on the inductive coupling technique. It is
attempting to wirelessly transfer electricity to charge low power gadgets, such as wireless
mice, cameras, and cell phones, using the concept of inductive coupling. The schematic
makes it evident that the wireless charger circuit needed both a WPT and a wireless power
receiver component in order to operate as a whole. This WPT section’s transmitter coil
transforms DC electricity from an oscillator into a high-frequency AC power output. A
rectifier in the wireless power receiver part transforms the AC voltage which the receiver
coils in the section acquire as an induced alternating voltage into a DC voltage. Ultimately, a
voltage controller component would supply the rectified DC voltage to the load. In other
words, the primary purpose of the wireless power receiver part is to use inductive coupling
for charging a low power battery.
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E. Lithium-lon Batteries

Many batteries are arranged in both parallel and serial configurations within the battery pack.
The battery cells' performance varies when these batteries are used. The inconsistent battery
settings are the root reason for efficiency irregularities. It significantly affects the battery
pack’s lifetime and efficiency. For example, a 20% mismatch in specifications will result in a
40% reduction in lifespan for a cylindrical LiFePO4 battery. When compared to a single
battery, it has a much shorter lifespan. To enhance the performance of battery, it is crucial to
optimise the battery settings consistently. The study of cell-to-cell differences in resistance,
OCV, and SOC parameters that are intimately related to cell sorting has received a lot of
interest lately. Sorting batteries entails applying certain techniques to group collectively
batteries with comparable efficiency in order to increase battery consistency and lessen the
adverse effects of initial distinctions between batteries, ultimately enhancing the batteries'
usability and extending their service life. The many techniques for sorting lithium-ion
batteries are covered in the next section.

F. State of charge estimation

Every battery cell's voltage and capacity must precisely match the voltage level required by
EVs because of electrode potential and material restrictions. As a result, series and parallel
connections between thousands of battery cells are required. Although inconsistent battery
pack settings and erratic operating circumstances might result in notable variations in battery
capacity. Additionally, the precision of the SOC data is crucial for a trustworthy estimate of
the remaining EV driving range. A few SOC methods for estimation are introduced in this
part.

A low frequency cell difference model (CDM) is used to study the cell voltage differences
(CVDs) between the cell and the "mean cell”. Variations in SOC and internal resistance are
taken into account in this framework. The OCV difference may be estimated using the
framework. This approach makes it possible to precisely estimate the SOC discrepancies of
lithium-ion batteries while they are being used in EVs using current measuring methods.

The relationship between SOC and OCV is calculated using the aforementioned approach to
get the result. All other factors are disregarded. It is necessary to assess the conflicting
circumstances in various SOC rates. By applying a developing model-based SOC estimate
strategy, a parametric simulation approach is suggested. To rectify the SOC estimation, a
three- dimensional reaction surface OC voltage model is suggested, based on the examination
of the mapping connection between battery characteristics and SOC. The power source
model's schematic layout is displayed in Figure 5. The model is too basic to provide an
accurate description of the analogous circuit design.
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Il vy
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Up

O
Figure 5 (Lumped battery circuit model)

The estimation of SOC for selected and unselected cells is done by the use of micro and
macro time scale approaches, accordingly. According to the findings, for both the battery
pack and the unknown diving cycle, the maximum predicted errors of the voltage of the
battery and SOC are less than 30 mV and 1%, correspondingly. This approach carried out a
more thorough investigation of the effects of the battery's characteristics on SOC in a micro
and macro time scale than the M+D model technique did. There is increased accuracy in the
battery parameter model. However to improve the calibration performance of this approach,
the OCV analytical formulas ought to be rewritten. Currently, this approach is not suitable for
batteries that have been deeply depleted.

3. Results and Discussion

To validate the model's correctness and show that the suggested topology is feasible, a
demonstration prototype with a nominal power output has been built using the specifications
given in Table 1. Though the general idea of operation is the same, the EV system would be
able to store far greater energy pulses since it would be equipped with a far greater
capacitance compared to the prototype.

Table 1 (Parameters & Rating table)

Parameters |  Ratings
Battery

Battery SOC 80%
Battery Current | 30 amps
Battery 130V
Voltage

PV Panel
Peak power 10 KW
Capacity 5W
Number of | 20
panels
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Case 1 : At Constant Temperature and Irradiation

SOLAR PANEL TEMPERATURE WAVEFORM
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Figure 6 (Solar Parameter Waveforms (a) Temperature and
(b) Irradiation )

Figure 6 shows the characteristics of the solar PV system in relation to radiation and
temperature. It is noticed that the typical temperature is 35°C once the sun rises. In a similar
manner, the panel radiation is 1000W/sq m, which supplies sufficient electricity to the
converter input.
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Figure 7 (Solar Parameter Waveforms (a) Voltage (b) Current)

The electrical voltage and current wave from the solar panel to the converter is shown in

Figure 7. A rise in the PV variable leads the voltage to climb to 120V and remains there and
steady current level of 125A is reached.
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CONVERTER OUTPUT CURRENT WAVEFORM
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Figure 8 (Converter output (a) Voltage (b) Current)

Figure 8 displays the converter's correct output current. The current seems to fluctuate at first,
but after 0.1 s it stabilises and remains at a constant 22A and maintains a voltage at 610V.
Case 2: Under Varying Condition
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Figure 9 (Solar Parameter Waveforms (a) Temperature and (b) Irradiation)
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Figure 10 (Solar Parameter Waveforms (a) Voltage (b) Current)
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Figure 11 (Converter output (a) Voltage (b) Current)
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Figure 12 (High frequency inverter voltage)
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Figure 13 (Isolation transformer voltage)
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Figure 15 (Battery output (a) SOC (b) Voltage (c) Current)

As shown in figure 15, the battery cell was running at 30A continuous current and 130V
battery voltage and the battery's SOC reached 80%.

4. Conclusion

This paper discusses the ideas behind WPT, as well as its background, current state of
technology, advantages, disadvantages, and uses. This allows us to understand the increased
potential for long-term, straightforward transfer of electricity with minimal losses. It is
anticipated that wireless energy could be achieved with the benefit of being simple to set up
and less costly, meaning that the research of transmission and distribution overhead would
decrease. Additionally, it is very important to know that the research of electrical power on
the consumer would even decrease in comparison to current systems. A revolutionary
converter architecture that is appropriate for EV dynamic charging is being introduced as a
whole. There are benefits to the suggested architecture over current ones, including less
complexity and switching device requirements. A mathematical framework has been created
to explain the boundary circumstances for the primary modes of operation and to forecast the
system's total power transfer. The correctness of the suggested mathematical framework and
the innovative architecture are confirmed by the outcomes of an actual prototype system and
a numerical calculation.
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