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Abstract:
Received: 25-03-2024 In order to achieve reliable, rapid, and affordable charging solutions, this study examines the
Revised: 10-05-2024 several approaches and strategies used in electric vehicle wireless charging systems. Wireless

charging offers an eco-friendly and user-friendly alternative to standard cable systems by doing
away with the need for physical connections. In the first section of the review, presented below
are the numerous modes of wireless power transfer, with an emphasis on the inductive &
capacitive methods. Next, the essay delves into the several kinds of electric vehicle wireless
charging systems, including mobile and static alternatives, and how they are categorised.
Noteworthy to this research is its examination of dynamic charging systems' standard model
and design characteristics, which enable wireless charging in moving vehicles. It also shows
how important control system features are for effective power transmission and communication
between charging receiver and transmitter parts. In addition to reviewing various battery
models and comparing various types of batteries, the article acknowledges the crucial function
that batteries play in electric vehicles and highlights how they affect the parameters of the
charging system. Finally, the paper delves into a discussion of its findings and makes
suggestions for further research in this area.
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l. INTRODUCTION
Since the days of Nikola Tesla, the idea of transmitting power wirelessly to power and charge electrical
equipment and gadgets has been considered. Unfortunately, this was not possible back then because
there weren't enough relevant supporting technologies. In order to accomplish this, researchers made
significant progress in 2007 when they used a wireless power source to light a lightbulb two meters
away [1]. Since this significant achievement, a lot of progress has been achieved in this field [2, 3].
Due to its many benefits, wireless power transfer (WPT) is also being actively investigated in a number
of other fields, including the charging of electric vehicles (EVs) [4, 5]. The standard methods of
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charging that involve connecting devices to an electrical outlet. Some issues are linked to these systems
that require wiring for charging. Consider the bulky charging cables and connectors that are necessary
for their use. Also, you have to physically connect the charging device to the charger. [6]. Additionally,
the connected charging solution is not environmentally or user-friendly [7]. If the charging wire's
insulation breaks down or a short circuit occurs as a result of something like a factors such as extreme
heat, ground friction, the power source for the charging device, or the object requiring charging [6].
If you want to cut down on charging time and the hazards involved, you can utilise a lot of batteries or
swap out dead ones with fully charged ones as needed. [9]. Increasing the number of batteries in a
vehicle that can go a certain distance on a single charge is one way to increase its travel range. As an
alternative, while traveling, the batteries in the car can be switched out for ones that have been charged
at charging points. But the batteries come with their own set of issues [10]. The batteries are expensive
at first and heavy, but their lifespan is short. It might not be feasible to carry a lot of batteries over a
certain point due to their weight.

Future advancements in energy storage technology could aid in resolving these issues. On the other
hand, the WPT provides an additional potential solution to the battery-related issues [11] Using the
dynamic wireless power charging method gets you off to a cheaper place. [12]. The WPT approach is
convenient and user-friendly since it does away with the hassle of dealing with charging methods that
require manual plugging in of cords and connectors [13]. smart power systems [14]. Other applications
of the WPT include studying long-distance power transfer based on the grid [15]. Furthermore, a
wireless power transfer system that is connected to the grid is already in the works and entering testing.
[17]. Nicola Tesla attempted wireless power transfer a century ago [16]. Many studies in the last few
decades have concentrated on WPT as a means to hasten the widespread use of electric gadgets.
Devices such as EVs, household electronics, implanted medical devices, robots, and cell phones are
many examples. An electromagnetic field is the usual medium for the transmission of energy [18].
Among the many reasons for the WPT's meteoric rise to fame are its inherent simplicity and its capacity
to run nonstop without stopping for fueling. Magnetic coupling WPT, whether resonant or inductive,
is preferred for near-field transmission since it drastically decreases environmental harm. Energy can
also be wirelessly transferred from solar power satellites to Earth using electromagnetic radiation,
regardless of how far away they are in space. This radiation could be emitted by a microwave or a
laser. The topic of this work—the magnetically coupled WPT for any electric car charging
application—nhas been the subject of numerous studies [19]. Two modes of WPT operation are static
and dynamic. Static WPT charges the battery while the vehicle is parked, while dynamic WPT charges
the battery when the vehicle is moving on a WPT-configured road. Sustainable mobility and the
elimination of certain barriers to vehicle electrification could be within reach with the assistance of the
WPT for electric automobiles [20]. Due to this outcome, corded chargers would be superfluous.

A WPT can significantly decrease the size of an electric vehicle's onboard battery, making it more
convenient to use. On electric transit buses equipped with a stationary WPT, for instance, the onboard
charging station can be reduced by around two-thirds of its original size due to the multiple scenario
charges done while waiting for and unloading passengers at bus stops [21]. A somewhat smaller
onboard battery should be fine as long as it is charged enough while travelling to meet the requirements
of the vehicle route. Miniaturising the battery's footprint has major
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There are significant implications for the vehicle's overall weight and fuel economy from downsizing
the battery size [22]. In theory, with extensive charging stations, electric vehicles might theoretically
have an indefinite range with a tiny battery size [23], especially for passenger cars on major highways
based on a dynamic WPT. However, both the academic and corporate groups are debating the WPT
for EVs because it brings up new environmental problems and trade-offs. The advantages of smaller
batteries and better gas mileage should be considered with the disadvantages of building up extensive
WPT infrastructure. A dynamic WPT's technological and economic feasibility are important questions
to consider, as is the reduced charging efficiency at high speeds. the practicality and cost-effectiveness
of a dynamic WPT. See how static and dynamic charging work in Figure 1.
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Figure 1: Static Wireless Charging Components
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Figure: 2 orientations of work

There are ten parts in this article's current state. This research study is briefly introduced in Section 1,
and the major contributions and review summary of the published survey articles that are relevant are
shown in Section 2. General methods for wirelessly transferring electric power are covered in Section
3. In the following. Section 4 compares and reviews the IPT and CPT. In Section 5, wireless charging
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for EVs is introduced. It goes over the charging procedure under various circumstances and talks about
the WPT operational principles. In Section 6, the topic is expanded upon and an overview of EV
charging methods is provided. This section reviews the CPT and IPT pricing procedures and related
subjects. Section 7 discusses the regulation of the wireless charging system in terms of communication,
effective power transmission, and misalignment. Since the batteries affect a lot of the parameters of a
wireless charging system, Section 8 talks about EV batteries. It is explained that contains the review
results and suggestions for more research. Section 10 marks the conclusion of the article.

Il. RELATED WORKS

A review of the relevant literature is provided in this section works in the order of their publication.
There has been a deluge of research on electric vehicle wireless charging systems covering all the
bases since the topic first gained traction a few years ago. Early research on electric vehicle wireless
charging [24] looks at different technology solutions. Financial limitations, power electronics
technology, and consumer acceptability are the metrics used to evaluate the feasibility of each possible
solution. Following an overview of the topic, we take a closer look at coupling theory as it pertains to
WPT and IPT. In [25], the authors take a look at the data technology firms that have created EV
wireless charging solution [25]. The authors also take a look at some of the solutions proposed by the
academic institutions and research centres working on this issue. Talk also turns to the car companies
that are eager to set up a network of wireless charging stations for EVs. Wireless charging systems
regulations and safety considerations are also addressed. However, this assessment just addresses the
feasibility, acceptance, and flexibility of electric vehicle wireless charging infrastructure. The
argument between electric vehicle (EV) charging alternatives that use wires and those that use wireless
technology has intensified as the auto industry transitions to electric vehicles. While each approach
has advantages and disadvantages of its own, understanding how well they perform in contrast is
crucial when deciding whether to develop infrastructure or embrace EVs. This comparison research
aims to evaluate the interoperability, cost, efficiency, and convenience of wireless and wired charging
systems [27].

Efficiency: Compared to their cable counterparts, wireless charging systems might occasionally be
less efficient due to energy losses caused by resonant coupling or electromagnetic induction. In
contrast, wired charging systems are more effective since they provide the vehicle's batteries being
wired directly into the power grid. Plug-in charging stations and conductive charging mats are two
examples of these systems [28].

Convenience: The convenience and ease of use of wireless charging solutions make them a popular
choice., which allow for automatic charging without human intervention [29].

Cost: Installing wireless charging infrastructure is usually more expensive than traditional charging
infrastructure since wireless power transfer requires additional hardware and technology. This includes
installing advanced charging algorithms for efficiency along with coils, charging pads, and
communication systems. Conversely, wired charging infrastructure. Both wireless and conventional
charging solutions have advantages and disadvantages specific to charging electric vehicles. While
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wireless charging options remove the requirement for physical connections, which can be adaptable and
convenient, they are typically more costly and less effective than wired charging setups. On the other
hand, cable charging options may be less versatile in terms of deployment and user experience, but they
are more efficient and compatible. The choice between wired and wireless charging ultimately boils
down to a variety of considerations, such as charging speed, cost, infrastructure needs, and user
preferences. For this reason, while choosing EV charging infrastructure, a comprehensive comparative
analysis is essential [30].

Chart Title

P
a—
efficiency convenience cost inte

teroperablity

® wireless charging B wired charging

Figure 3. A visual depiction of the assessment of electric vehicle charging options, including both wireless and wired

methods.
FEATURE WIRELESS CHARGING WIRED CHARGING
Charging time 3-4 Hours 2-3 Hours
Charging Efficiency 50% 85%
Energy Consumption | Slightly Higher Slightly Lower
Charging Speed Slow Fast
Convenience More Convenient Less convenient
Safety Safer Less safe
Cost More Expensive Less Expensive

TABLE 1. COMPARATIVE ANALYSIS OF WIRELESS AND WIRED CHARGING FOE ELECTRICAL VEHICLES.\

I11. WIRELESS POWER TRANSFER

One of two methods exists in a WPT system for transferring electrical energy: near field or far field or
far field transmissions [30]. Any media that can carry sound, light, or microwaves can be utilised for
far field WPT Capacitive or inductive coupling is a typical approach at very close range, which does
not emit radiation when subjected to an electric, magnetic, or electromagnetic field. The microwave
band, which extends from 1 GHz to 1000 GHz, is capable of carrying electromagnetic waves. A laser
beam is used in the optical method to transport power [31]. Power transfer over large distances is
possible using both laser and microwave technology. But for both to function, there must be a direct
line of sight between the transmitter and the recipient.

Both biological life and people may be harmed by these. Some studies have also investigated the
feasibility of charging electric vehicles with microwaves [32] and lasers. Still, these aren't seeing
widespread commercial use because WPT with mutual coupling is the most effective wireless charging
technology available right now [33]. It is feasible to achieve mutual connections through capacitive
and inductive means using this method. Both the IPT and the CPT rely on coupling with inductors and
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capacitors, but the former is more commonly used. A smaller charging gap and reduced power
consumption are two benefits of CPT-based wireless charging over IPT-based wireless charging.
Businesses are beginning to adopt wireless charging systems depending on IPT because they are
superior. [34].

veo | = | Pover | = | 1xcoil
Amplifier

I
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Figure 4: Inductive coupling: Wireless power transfer over a short distance

Comparison of capacitive and inductive power transfer techniques:

One advantage of Inductive Power Transfer (IPT) technology is the use of compensating tanks, which
maintain the resonance frequency's load as well as coupling coefficient invariance. This contributes to
improved efficiency, less reactive power, and stability in the face of changing load conditions. IPT
makes efficient high-power transmission possible by using compensating circuits, such as the double-
sided LCC approach. This is especially useful for applications like charging electric vehicles. IPT
systems provide dependable energy transfer by aligning coils and capacitors to maintain ideal power
levels through careful design and adjustment, hence overcoming issues with low coupling coefficients
and reactive power [35].

- — -
if Wireless ’
AC Rectifier Inverter Transformer Rectifier EV

Battery

Compensator

Figure 5. Basic Block Diagram of a Wireless Charger

WPT systems and charging in electric vehicles:

There are 3 different kinds of wireless power transfer (WPT) systems that electric vehicles can employ
for wireless charging: static, semi- or quasi-dynamic, and dynamic. Using the WPT and SWPT, a
stationary EV can be charged. The only area in which the SWPT differs from the plug-in cable charger
is in the wireless energy transfer [36]. In cities where EV charging stations may be installed, the SWPT
is effective.
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Figure 6. An overall picture of an electric vehicle's wireless charging setup

when compared to the CPT, both the transmitter and the receiver [3]. However, the huge copper coils
with ferrous cores needed to implement the SWPT, QDWPT, and DWPT in IPT systems makes the
whole thing bulky and heavy. Conversely, prototypes and implementations based on CPT [2, 4, 5, 6]
employ fewer complex structures that include of plates and foils. Not only is the final charging system
less expensive, but it is also lighter. On the other hand, there is less power transfer and a tiny air gap.
Research is being conducted [37] to address these disadvantages of the SWPT, QDWPT, and DWPT
charging schemes based on CPT due to their simplicity and low cost

WQPT operating principles

The basic operation of a WPT system for an EV is shown in Fig. 3 [38]. The system's transmitter and
receiver are its two primary components. The connecting primary (or transmitting) & secondary (or
receiving) coils are separated by an air gap. One potential answer to the problems with battery-powered
gadgets, namely their weight, expense, and lifespan, is wireless power transfer (WPT). WPT improves
ease, lowers upfront expenses, and does away with the requirement for manual charging connections.
Widespread research and implementation are motivated by its uses, which include electric vehicles,
electrical gadgets, industrial settings, undersea vehicles, lighting, and medical implants.

Changing Process

Electric vehicle (EV) battery charging begins with constant current (CC) to prevent overheating and
damage, and then moves to constant voltage (CV) as the battery gets close to being fully charged.
While pulse frequency modulation (PFM) adjusts to changing loads and lowers switching losses under
light loads [39].

EV
Charging
|
| |

Wired Wireless

| ——

Leve 1 Level 2 Leve 3 IPT CPT

Figure 7. Charging Levels/ Charging approach
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PWM is therefore preferred for loads that are heavy and have little fluctuation [15]. Since operating
with a changing load inevitably requires a change in frequency, the PFM approach may be applied to
light loads and loads with large variation [40]. This variance would mean that the converter would have
to work harder to control the current. Zero voltage switching (ZVS) operation may also be impacted by
the voltage's potential instability. This also applies to the current, which has an impact on the zero
current switching (ZCS) function. There may also be an impact on power loss and power transfer
capacity. However, the resonance circuit remains unaffected by variations in battery voltage.

Electric vehicle charging techniques

The majority of electric vehicle charging options fall into one of two broad classes: wired & wireless.
Among wired conductive charging, there are three further levels: level 1 (L-1), level 2 (L-2), and level
3 (L-3) [11]. In a similar vein, there exist two primary classifications for wireless charging methods:
the IPT and the CPT. When it comes to wireless charging, the IPT approach is thought to be superior
to the CPT method. Another way to categorize wireless charging systems is into static and dynamic
approaches. Figure 4 illustrates these many methods along with further subdividing them.

Capacitive power transfer technique for charging

Minimising losses via electrically separated metal barriers is made possible by Capacitive Power
Transfer (CPT) devices through the employment of an electric field in power transfer. For EV
charging, CPT's use of metal plates as capacitors provides simplicity and affordability. Nevertheless,
misalignment of the car and the charging pad may cause problems with detuning. Robot charging and
LED drivers are two examples of low-power, short-range applications that are well suited for CPT.
Resonant and non-resonant circuit topologies deal with distance constraints, albeit they are sensitive
to changes in parameters.

Inductive power transfer technique for charging

Inductive power transfer (IPT) allows for the wireless transfer of electricity between two electrical
sources, eliminating the need for physical contact when charging electric vehicles. The vehicle's main
side, which is usually situated on or under highways, transfers power to the vehicle's secondary side.
IPT provides wireless charging with effective power transfer thanks to its electromagnetic induction
operating principles. The design takes safety precautions against electromagnetic field exposure into
account by optimizing magnetic structures to maximize coupling and reduce magnetic flux leakage.

Static Charging

IPT and other static wireless charging methods eliminate the need for mechanical connectors and
provide a safer and more convenient alternative to cable chargers. Misalignment tolerance improves
usefulness even when cars still stop to charge. sustainable in areas where cars are not moving
Dynamic Charging

EV charging is made possible while moving thanks to dynamic wireless charging (DWC), which also
increases range, saves time, and lowers maintenance costs. Magnetic couplers with segments reduce
power losses. Challenges include expensive initial expenses, inconvenient placement near highways,
and challenging scheduling. Overcoming limitations and increasing efficiency are the goals of the
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proposed solutions, which include IPT mutual inductance and double-sided LCC compensation. The
use of dynamic wireless charging while in motion is one method by which online electric vehicle
(OLEV) systems provide power to their automobiles.
To run this system, you must meet these requirements.
e All of the OLEV buses are uniformly used to transport customers along predetermined routes.
e Both the bus's speed and the driving cycle have already been decided.
e Buses are kept in bus stations while they are not in use.

The two main parts of a DWCS, the power track and the battery, are covered in below. In the OLEV
system, every car uses the same size battery. The whole length of the power track should also be
known. In order to calculate the required number of tracks for the route and the length of each track,
this is essential. In order to determine how far you've gone; this method keeps the base station in mind.
The track starts at the first point and ends at the last point. A service is one round trip in a vehicle.
Infinite is the breakdown of the total number of 8 power tracks, which are 1, 2, 3, etc. Minimising the
system's overall cost can be achieved by making the most efficient use of the end points and battery
size to determine the charging track length. In this regard, a procedure for conducting an economic
analysis is laid out in.

Charging Pad

It is possible to use a single power source to power many transmitting pads in a DWPT or SWPT
configuration. In some cases, having multiple transmitting pads does not necessitate a multitude of
power supply. Double D coils, rectangular, and circular designs are among the many configurations
that charging pads might take. A wide range of materials can be used to create coils. While copper is
a common material, other options are also being considered. It is suitable to use high-temperature
superconductors (HTS).

Magnetic structures for the IPT system.
Researchers have created numerous magnetic structure designs for the IPT charging system.
Several commonly utilized magnetic structures for electric vehicle charging include the

e bipolar pad (BPP),

e circular pad (CP), and

e double D (DD)

Compensation requirements to guarantee that the load receives an adequate amount of power from
an inductive power transfer (IPT) system, secondary capacitors are necessary. By storing and
delivering reactive power, they aid in the balancing of impedance, enhance efficiency, and facilitate
CC, CV, and Zero Power Angle (ZPA) attainment.
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Figure 8. An equivalent circuit of inductive WPT system

TOPOLOGIES

The four IPT topologies parallel-series, series-series, parallel-series, and series-parallel—each provide
unique capabilities for continuous and variable modes of operation (CC and CV), with different
abilities to achieve Zero Power Angle (ZPA) conditions. Each has advantages and disadvantages in
battery charging applications. The topologies that can be used are shown in the following figure.

(a) (b)

Figure 9. Parallel-Parallel Figure 10. Parallel-Series

(<) (d)

Figure 11. Series-Parallel Figure 12. Series -Series

Wireless charging system control The design of a reliable and efficient wireless charging system for
electric vehicles (EVs) requires consideration of numerous important factors. Even if fluctuations in
the air gap or misalignment can increase or reduce the load and coefficient of coupling, the designing
of an electric vehicle (EV) wireless charging system is able to achieve optimal operational efficiency.
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Those factors that fall into one of three categories are the most efficient. The load shift is handled by
the first group. Applying impedance matching techniques yields the optimal impedance. Active and
passive impedance matching methods are used for this purpose. While active impedance matching
DC-DC converters are employed when matching to the load, passive impedance matching makes use
of inductors and capacitors. The second set of considerations is the regulation of output frequency and
variations in load. The third group is in charge of controlling the input power. The system's efficiency
is maximised by keeping the reactive power input to a minimum. The output voltage shouldn't alter.
Maximising the primary current ratio and optimising the secondary load impedance are both achieved
by this strategy. Modifying the current ratio and the orientation of the primary coil on the transmitting
side allows you to maximise the system's efficiency. Improvements to the WPT system's compensation
networks, control strategies, and pad designs are among the methods that have been suggested to
enhance its efficiency. There is a distinction between power efficiency and energy efficiency in WPT
systems. The power efficiency can be assessed when the sending and receiving coils are in alignment
at a specific moment. A certain amount of time is used to measure energy efficiency. Timely activation
and deactivation of the primary pads is another method to enhance system efficiency.

Battery types in order to store the energy provided by the charging mechanism, EVs can employ a
variety of battery types. The most popular battery types utilized in electric vehicles (EVs) are lithium
ion (Li-ion), lead acid, nickel metal hydride (NiMH), and nickel cadmium (NiCad) batteries. We
provide a brief summary of each of these battery types below:

LeadAcid Even though lead acid batteries are inexpensive and generally accessible, they require
ventilation because they release chemical fumes during operation and charging and have a poor
specific

energy.

Nickel Cadmium Because of the toxicity of cadmium, nickel-cadmium batteries have to be disposed
of carefully. They have a deeper discharge tolerance than Li-ion batteries but a higher specific energy
than lead acid

Nickel metal hydride Nickel metal hydride batteries are durable, powerful, and maintain a nearly
constant voltage for a long time, but they are wasteful and self-deplete quickly.

Lithium ions the specific energy, cell voltage, and charging times of lithium-ion batteries are all quite
high, yet their capacity may degrade at certain temperatures. because to its low self-discharge rate and
efficiency, preferred for EVs.

Battery models A variety of electrochemical, electrical, and mathematical models are used in battery
performance study. These models have advantages and disadvantages and focus on different aspects
such as temperature, capacity, and state of charge.
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Electrochemical models

To analyses the electrical behavior of batteries, electrochemical models rely on electrode-electrolyte
reactions. Despite their complexity and computing demands, they deliver accurate results. These
include simplified pseudo-two-dimensional, extended single-particle, and pseudo-two-dimensional
models, among others.

Mathematical models’ Mathematical models are used for analyzing battery aspects like thermal
behavior, capacity fading, and SoC, categorized as analytical or stochastic models. Analytical models
rely on physical properties.

Electrical model: An electrical circuit including resistors, capacitors, and other parts is used in an
electrical model of a battery to estimate parameters such as State of Charge (SoC). It models self-
discharge and describes transient response using RC networks and resistors. This model aids in
figuring out runtime, capacity, and SoC. With the use of correction functions generated from real-
world data, it can be expanded to take temperature and life cycle impacts into consideration.
Temperature changes and charging cycles have an impact on battery life and available capacity.
Operating within specified parameters is advised by manufacturers to maximize battery life and
performance.

\'5,1 RS:!:; R1la[blcl1-5 RTuu\mL[_
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l[ Baticry
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Figure 12. A battery's electrical model
IV. METHODOLODY
Electric cars (EVs) can be wirelessly charged using a system that involves a transmitter and a receiver.
The transmitter produces an alternating magnetic field, which in turn triggers the receiver, which is
positioned on the underside of the car, to produce an electro current (AC). An electrical circuit, a
control system, a resonant coil, and a power source comprise the charging pad.
Transmitter side Control System: Integrates temperature sensors and fault detection, keeps track of
battery life, and talks to the charging pad's control system. The size, form, and power output of the
receiver pad are all customized to fit the dimensions, ground clearance, and battery capacity of various
EV models and charging requirements. The charging pad comprises several key components:
Power Source: Provides electrical power for the charging process by being connected to a power grid
or renewable energy system.
Resonant Coil: Usually composed of copper wire wound around a ferrite core, this device creates a
magnetic field when an AC current supplied. Power electronics circuit: consists of a tuning circuit,
resonant capacitor, and power amplifier to enhance power transfer efficiency, modify resonant
frequency, and amplify AC current.
Receiver side Control System: Integrates defect detection and thermal management, modifies power
output, and keeps an eye on the vehicle's orientation and location to ensure correct alignment.
Conversely, the receiver, which is positioned underneath the EV, is in charge of transforming the
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charging pad's magnetic field into a DC voltage so that the battery may be charged. Among its
constituents are
Resonant Coil: Usually composed of copper wire wound around a ferrite core, it absorbs the magnetic
field and generates an AC current.

Rectifier Circuit: Consists of a voltage regulator, capacitor, and diode bridge that transforms AC
voltage into DC voltage for battery charging.

EMI _ Isolation
filter PFC circuit [«» Inverter |e» transformer
r
T T T T T T
R v A
| | ] |
| | | |
: Charging : : Charging : Charging
| converter | | converter | converter
| | | |
| n L 2 | 1
| | | |
L _ I L — [

Figure 14. Prototype for Wireless charging system for Electric Vehicles

PROCEDURE

Arduino Nano: The Arduino Nano is a versatile microcontroller board based on the ATmega328P
microprocessor. It can handle various sensors and devices and perform various programmes. The
device is capable of being powered through a Mini-B USB connection, a 6-20V unregulated external
power source (pin 30), or a 5V regulated external power source (pin 27). Many different kinds of
electronic devices can easily incorporate this little board. In a typical setup, an LCD display is
connected to the Arduino Nano board through pins so that data may be seen on it. The display could
be a character LCD or a graphical LCD, depending on the project's requirements.

https://internationalpubls.com 226



Communications on Applied Nonlinear Analysis
ISSN: 1074-133X
Vol 31 No. 2s (2024)

Voltage Regulator: A voltage regulator is a piece of electrical equipment that maintains a constant
output voltage regardless of changes in the input voltage or load. Its main use in electrical circuits is
to provide a constant DC voltage that can power various devices and components. regulatory circuit
IC7805, which reduces a high DC voltage to 5 DC. Voltages ranging from 7.2 to 35 volts are typically
within its operating range.

Motor Drive: A motor driver IC is a type of integrated circuit chip that autonomous robots typically
use to control its motors. To link microprocessors to robotic motors, ICs are used as motor drivers.
Various variants in the L293 family, including the L293D and L293NE, are among the most popular
motor driver integrated circuits. These integrated circuits can manage two DC motors in tandem. Two
H-bridges make up L293D. Regulating a low-current motor is made easiest with an H-bridge circuit.
L293D is shorthand for motor driver IC throughout this book. Exactly eleven pins comprise the L293D.
gadget for screen: A large number of interface pins must be operated simultaneously by the
microcontroller to control the display, since LCDs have a parallel interface. The RS pin, which controls
the address of the specific memory region on the LCD, is an interface component. The data register is
responsible for storing the displayed information, whereas the instruction register is where the LCD
controller looks for instructions on what to do next. Two options are open to it showing figure 15.
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Figure: 15 RFO for charging suggestions

The read/write (R/W) pin is responsible for switching the mode of the device from reading to writing.
The eight data pins (D0-D7) of the register can be written to via an enabling pin. When you write bits
or inputs to a register, the values represented by the high and low states of these pins. The 4-bit mode
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requires seven 1/O pins and the 8-bit mode eleven on the Arduino. While this example focuses on
managing a 16x2 LCD, the same principles apply to any screen display that uses the 4-bit format.

Methods of Control: Wireless Power Transmission (WPT) uses three types of control techniques:
primary-side, secondary-side, and dual-sided.

Main-Side Supervision: The primary winding is regulated by transmitter current, which frequently
includes Power Factor Correction (PFC) for efficiency. Onboard electronics are reduced when there is

less contact with the secondary side, which lowers weight and expense.

Secondary-Side Control: This type of control uses an active rectifier and converter to charge batteries,
which adds weight and expense because it requires more circuitry.

Dual-Sided Control: Necessitates connections for communication on both sides. Dynamics present
difficulties; the best wireless charging technique is static. Dynamic charging works best with
independent control on both sides; however, stability problems need to be fixed.
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Figure 16. Accuracy of wireless charging model
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Figure 17. Graph plot on the Voltage readings on LCD after 1 min.
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Figurel8. Voltage reading on LCD indicating flow of current.

Transmitter coil voltage 12V
Recerver coil voltage Y
Distance between coil ficm

Table 2 Experimental results

powe transfer reliablity

Figure 19. Graph for power transfer reliability Vs charging position
Real-World Applications and Comparisons:

1. Semi-bridgeless active rectifiers (SBARs) with variable frequency control can be implemented
to reduce volume and cost.

2. A performance comparison is made between fuzzy controllers and Pl in dynamic wireless power
transmission (DWPT). Equation is easily reached using reference parameters by the fuzzy
controller.

3. A number of WPT applications make use of the perturbation and observation (P&Q) technique
and sliding mode control (SMC). A disconnected controlling system implies that an output
voltage regulator is located on the receiver side, and an impedance matching rectifier is located
on the secondary side.

Future Enhancements

Wireless charging systems are now essential supporting technologies as the use of electric vehicles
(EVs) grows. Compared to conventional wired charging, these systems provide benefits like dynamic
charging while driving, smaller and less expensive batteries, and longer driving ranges. Still, there are
a few areas where wireless charging methods need to be improved. To provide the best possible size,
misalignment tolerance, air gap, safety, and efficiency, energy density, and fast charging capabilities,
efforts must be made. Achieving these goals will always require making trade-offs, such as balancing
operating frequency and coil size with charging speed. A major problem that calls for creative coil
designs and compensation strategies is misalignment tolerance. In order to prevent accidents and
maintain system integrity, foreign object detection devices are essential for safety. Accurate
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identification of metal and live objects is required. The accuracy and cost of detection techniques based
on waves, fields, or system parameters vary, and more advancements are required. Achieving balance
between weight, cost, and deterioration concerns requires optimizing both battery size and charging
infrastructure. To improve compatibility and lower infrastructure costs, standardization initiatives are
required for interoperability —across various EV charging systems and systems.
Subsequent investigations ought to concentrate on creating resilient dynamic wireless charging
systems, guaranteeing security, precise invoicing, safe correspondence, and assessing the influence on
the grid. By filling in these research voids, wireless charging technologies in the EV ecosystem will
become even more widely used and effective.

Conclusion

We have looked at and assessed the idea of using wireless power transmission to charge electric cars
(EVs). Because of its convenience and environmental advantages, wireless charging is generally
considered to be a better option than traditional cable charging installations. By doing away with bulky
wires and mechanical couplings, wireless charging reduces related inconveniences and safety risks. It
also improves overall system efficiency and reduces range anxiety among EV users. The three most
common wireless power transmission mechanisms are mutual coupling, microwave, and laser. Of
these, inductive and capacitive power transfer are the most commonly used in wireless charging
applications. After a thorough analysis of different techniques, inductive power transfer is the best
option for wirelessly charging electric vehicles (EVs) since it provides a number of benefits. The article
goes over many ways to wirelessly charge electric vehicles, including static, quasi-dynamic, semi-
dynamic, and fully dynamic methods. The paper goes into detail on important subjects such charging
pad design, compensation topologies, communication and control systems, and mitigation of system
misalignment. Because the characteristics of the batteries include a major influence on the efficiency
of a charging system, an outline of the various kinds and models of batteries is also enclosed. In
conclusion, wireless charging looks to be a promising option for recharging electric vehicles (EVs),
outperforming conventional cable charging configurations in terms of efficiency, convenience, and
safety. EVs may be charged without physical touch thanks to mutual coupling mechanisms, especially
inductive power transmission, which gives users more freedom and convenience. Wireless charging
systems can be made more widely available for use in the EV market by investigating several charging
modes and taking important system factors like communication and alignment into account.
Furthermore, improvements in battery design and technology will improve the efficiency and efficacy
of wireless charging options for electric cars.
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