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ABSTRACT

Major transportation sectors will electrify in the future years, necessitating the need for more readily available and simple
methods of charging electric vehicles (EVs). One of the best and simplest ways to charge EVs anywhere, including while
driving, is wireless charging. Advanced mathematical models are required to appropriately portray the charging power
when charging wirelessly in order to obtain accurate charging power rates.

This paper reviews the basic terminologies of charging stations, such as charging station types. The benefits of electric
vehicles over conventional fuel-powered vehicles have been described. This essay also highlights the prospects and
difficulties associated with current technologies for effective wireless charging systems.

With solar-based wireless power transmission, users may operate their vehicles faultlessly and data can be exchanged
across the air just as easily. Due to rising energy demand, resource scarcity, and environmental pollution from current
resources like wood, coal, fossil fuels, etc., alternative energy sources and creative energy production methods that are
efficient, affordable, and produce the fewest losses are expected to become increasingly important in the near future. As a
research topic, wireless power transfer (WPT) has gained attention. In this study, we discuss the idea of wireless power
transmission by solar power.

INTRODUCTION

For years, researchers have been working nonstop to get rid of the wires from our daily lives. Electric vehicles (EVs) can
be charged using contactless power transfer (CPT) technology without a physical connection. Higher criteria for the
convenience, safety, and effectiveness of electric car charging are necessary with the ongoing development of the EVs of a
modern technological sector. Electric vehicles can lower environmental noise and greenhouse emissions—the electric
vehicle (EV) powered by one or even more electric motors and traction motors. The following shortcomings hinder the
adoption of EVs in the supply chain when compared to normally distributed combustion engine vehicles: independence, a
lack of infrastructure for public access, fast charging, a shorter battery life, high battery prices, and compatible weight.

Wireless charging of (EVs) has been in development for several years. The latest Wireless charging systems offer an
efficient means of charging EVs from different tiers, at a range of high to low levels of power from the same ground source.
EVs existing today can be fuelled by a battery, solar panels, or even an electric generator to transmit fuel into electric
power. Fuelled by solar power, the ability to charge EVs on-the-go with attached batteries allows them to be driven off-
road. On-road charging can be very helpful for this. Copper and aluminum-based electrical wiring is not as frequently
required when using wireless power transfer technology. If wireless power transmission technology is adopted, there will
be less need for electrical cable. The ability to transport power wirelessly from a power plant to any area would be helpful
if wireless power transfer technology could be used in the future.
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Figure 1 General scheme of a CPT system

The term "wireless power transfer” (WPT) refers to a variety of techniques and technologies that use time-varying electric,
magnetic, or electromagnetic fields to transmit electrical power without needing wires. The development of various
wireless power transmission methods is progressing significantly in the power electronics sector. Uses for wireless power
transfer include the resonance of electromagnetic waves, microwaves, solar cells, and lasers. Without a power cord,
electrical equipment can be continuously charged thanks to wireless power transfer. Three main types of wireless power
transfer systems that can be explained are microwaves, resonance, and solar cells. Microwaves can be used to send
electromagnetic radiation from the power source to a receiver inside an electrical device or gadget.

In addition to being more practical than wired charging, WPT enables significant onboard EV battery size reductions. The
main objective of this case study is to provide an overview of the wireless charging technology for EVs used for this
application and a discussion of various obstacles still standing in the way of wider adoption and offer suggestions for
potential solar-powered vehicle applications.

PRESENT & FUTURE SCENARIO OF ELECTRIC VEHICLE

Electric vehicles already account for a small percentage of all passenger vehicles in the vast majority of nations worldwide.
But it is already widely understood that the market for electric cars will grow significantly over the coming decades.
Currently, there are 250 electric automobiles on the road worldwide, which translates to a market share of 2.2% for
electric vehicles. Sales of electric vehicles totaled 0.8 million units in 2016; by 2023, it is expected that they will reach 5.3
million units, growing at a CAGR of 33.6% for the forecast period (2017-2023). According to the Net Zero Emissions by
2050 Scenario, there will be more than 300 million electric vehicles on the road by 2030, and they will make up 60% of all
new car sales. Their sales share must rise by less than 6% percentage points annually to be on track with the Net Zero
Scenario.

The global market for electric cars is experiencing significant growth due to the falling price of the batteries used in them.
Between 2010 and 2017, the cost of battery packs for electric vehicles decreased by more than 77%, to an average of
$227/kWh. In the next five to six years, it is anticipated that lithium-ion battery costs will further drop, to roughly
$110/kWh, which will significantly aid the market's expansion.

Even though EVs have a minimal impact on the environment and high energy efficiency, public acceptance of them has not
yet been very strong. One of the causes is a lack of infrastructure for charging. Both the public and private sectors must
make large investments in the infrastructure for charging. Codes and standards, installation costs, utility infrastructure
design, building, consumer understanding, metering, contractor roles, permitting processes, etc. are some of the obstacles
to infrastructure installation. The effects of the smart grid on EV batteries and EV charging infrastructure are yet quite
unclear.

WIRELESS CHARGING SYSTEMS FOR EVs

The primary goals of the development of EV charging technologies and systems were to address the issues of poor vehicle
autonomy and increased range anxiety. To assist in charging EVs while they travel, major EV manufacturers have created a
variety of options, including installing charging stations, charging points, and even wireless charging pads buried under

© 2023,IRJET | ImpactFactorvalue:8.226 | 1S09001:2008 Certified Journal | Page?24



’!, International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056
JET Volume: 10 Issue: 09 | Sep 2023 www.irjet.net p-ISSN: 2395-0072

the roadways. In order to improve EV owners' contentment and lessen their tension while waiting for their cars to charge,
it is vital to switch to wireless charging methods.

By utilizing induction charging technology, manufacturers of electric cars intend to make battery charging for future
owners of these vehicles simpler. The system is designed around a first plate that sits on the ground and contains a
primary coil that emits an alternating magnetic field to a second plate that sits below the electric or plug-in hybrid car.
When the car is parked over the primary coil and the two plates are exactly aligned, wireless charging allows a battery to
be safely recharged in any conditions. The efficiency of this method of charging is between 80% and 90% when compared
to devices that use standard charging cables. Because of this, charging is slower than it would be if the car were plugged in.
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Figure 2 CPT system structure

The CPT system is composed of two electrically insulated power sections called the transmitter and receiver. The receiver
is built into the electric car and provides power to the battery pack within. The latter is represented by a resistor and
serves as the CPTS's load. The transmitter is powered by the mains and is embedded in the pavement. The development of
CPT charging technology may improve public perceptions of EVs. It is expensive, has a limited driving range, and takes a
while to charge. However, as CPT technology for charge replenishment develops, EVs might start to appeal to consumers.
The benefit of CPT charging is its ability to automate, simplify the charging procedure for consumers, and make charging
secure. The widespread implementation of CPT charging infrastructure may also assist lower the size of the battery pack,
which will increase the efficiency of EVs.
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Figure 3 Scheme of CPT for electrical vehicle battery charging

Due to the inability of conventional inductive chargers to accommodate all of this, CPT charging with large air spaces and
little human contact is required. Numerous research teams from other institutions are also engaged in this effort. The CPT
charging scheme is displayed for an EV application. The primary winding of the CPT system, which is buried in the ground
and connected to the grid via a converter system, transfers power to the system's secondary winding. The secondary is
where the charging circuit charges the battery in an electric vehicle.
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The transmission device of WPTSs frequently energises the surrounding area. The energy for capacitive and inductive
power transfers stored in a unitary volume of space is

WC‘ = %EOEZ
1
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Due to the values of and, as well as the permitted voltages across and current into the coupling devices, the magnetic field
can produce an energy density in free space that is around 104 times greater than that produced by the electric field.
When radiant power is transferred, the electromagnetic field intensifies to extremely high levels along the transmission
route.

Based on the greatest distance over which electricity may be transported, the first and most important classification is
created. Some devices can wirelessly power loads at great distances, while others can only transmit power to loads that
are a few centimetres from the source. As a result, the first divide is made according to whether the procedure is near-field
or far-field.

WPT USING SOLAR CELLS FOR EVs

Solar cells are semiconductor devices that enable incident sunlight to release electrical charges, enabling them to freely
flow across the semiconductor and generating an electric field that can power a motor or light a bulb. The process that
causes a voltage and current field to form across the solar cell is known as the photovoltaic effect. Solar cells may generate
incident light for free and in large quantities from the sun. The intensity of sunlight that reaches the planet's surface
reaches up to 1,000 watts per square meter. When calculating the cost of the electricity produced by solar cells, the cost of
the photovoltaic module power-producing system must be taken into account because it may require a significant amount
of space.

The technique for remote transmission known as inductive coupling is utilized to take force and separation boundary
barriers into account. The oscillator yield is used to trigger a copper loop that serves as a transmitter. The coil then
produces enticing motion that joins with an implanted benefit loop in the car. The connected loop shows effective use of
force at that location by creating air conditioning yield at its ends. Because the alternating current cannot be softly stored
in the battery, this rectifier, whose output is delivered to the battery in the electric vehicle, is utilized.

e The primary classification, which is also the most important, is based on the maximum distance over which energy
may be transmitted. Some devices can wirelessly power loads at great distances, while others can only transmit
power to loads that are a few centimetres from the source. The first division is therefore created based on
whether the technique is near-field or far-field.

EVOLUTION OF WPT STATIC & DYNAMIC MODELS

The control of energy from wireless charging models needs to be investigated in light of the load location and
requirements. There are, in general, two sorts. The first is connected to a fixed place, whereas the second is connected to a
moving position. The position of the receiver in relation to the transmitter affects whether the signal is static or dynamic in
this case. To fully analyse the charging system, it is crucial to provide the mathematical models and equations that
correspond to each scenario, as well as to demonstrate the connections between various characteristics and variables that
can impact the system's operation.

Static WPT: The static wireless charging system for EV specifies the situation in which the road-mounted transmitter coil
and reception coil are lined together. The same is true with stationary EVs. The obtained power can then be classified as
maximum or low. It depends on where the two coils' centres are located. The conveyed power is zero if the receiver radius
is greater than the separation between the two middles.

Dynamic WPT: The vehicle can be charged even while it is moving along the road, according to the dynamic model of the
wireless charging mode. As the vehicle's speed characteristics are taken into account due to the vehicle's movement, the
dynamism of the charging mode enhances the complexity of its mathematical model and topology. As a result, a
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sophisticated mathematical model is produced that shows how the power obtained changes with the vehicle speed, coil
settings, and compensation topology. Regarding the position and circumstances of the transmitter coil, there are two
different variations of this scenario.

ON ROAD CHARGING SIMULATED OUTPUT

This includes typical wireless EV charging system, general two coil WPT system, power electronics, converter and power
control, exposure limit boundary for a WPT system.

The system contains transmitting and receiving coils, AC power (single phase and 3 phase), primary and secondary
compensation, DC to high frequency converter, Lithium-ion battery, induction coils.

e It has various steps for wirelessly charging an EV. An ac to dc converter with power factor correction converts the
utility's ac power first into a dc power source.

o After that, a compensation network drives the transmitting coil by converting the dc power to a high-frequency ac.

By resonating with the secondary compensation network, the transferred power and efficiency are greatly enhanced. o
The high-frequency current in the transmitting coil generates an alternating magnetic field, which induces an ac voltage on
the receiving coil.

e The battery is finally charged after the ac power has been rectified.
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Figure 4 On-road charging circuit

The graphs in the lower and upper left shows input voltage and current and the graphs in graphs in the lower and upper
right shows battery voltage and current and state of charge of battery, the SOC graph shows that the battery is charging.
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Figure 5 Input (left)-Output (right) graph
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CONCLUSION

This case study offers an overview of the modern technology that is most frequently discussed. In this essay, we not only
attempted to address the problems we currently face but also went over the benefits and drawbacks of CPT technology.

Through this paper, we have tried to introduce the concept of wireless electricity. Readers are led to believe that by
utilizing this technology's full potential, we may build a space that is efficient, affordable, wireless (that is, without cables),
and loss-free. The greenhouse gases that contribute to global warming are produced by electric power plants that burn
fossil fuels. Wireless electrical transfer can be used to successfully overcome these problems. Essentially, this technology
will change the way we perceive electricity.

Although there has been a lot of research on wireless power transfer and solar panels, these technologies have not yet
reached their full potential in terms of transfer power and distance, frequency, and coil dimensions. This is because the
current transmitter and receiver coil designs are too large to be integrated into consumer devices and cannot be
considered portable because the coil would take up too much space. As a result, there is a need for continued research in
this field because wireless power transfer has several noteworthy uses.
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