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Preface

An electrical mechanism known as an electric motor transforms electrical energy into
mechanical energy. The majority of the time, electric motors work as a result of the interaction
between the magnetic field of the motor and the electric current flowing through a wire
winding, which produces torque that is applied to the motor shaft. Electric drives are used for
motion control in both commercial and domestic applications, including paper machines, the
automotive industry, fans, and pumps, among others, that require controlling the speed of the
motor. Therefore, controlling the speed is merely a form of motion control, and the drive is the
tool that is used to do so.

The most significant motor and drive types are all covered in the book, including switching
reluctance, stepping motors, conventional and brushless d.c., induction motors, and all varieties
of synchronous motors. (but not highly customized or application-specific systems, e.g. digital
hard disk drives). accorded its overwhelming market position in terms of numbers, the
induction motor and induction motor drives are accorded the greatest weight. traditional d.c.
Despite their diminishing relevance, machines are purposefully presented early on. This is
somewhat because comprehension is relatively simple, but more because the underlying ideas
that arise apply to other motors. Washington, D.C. Drives are addressed first since history has
shown that readers who are able to understand the D.C. Drive will find this knowledge very
helpful in handling other, more difficult varieties. This book includes new material on self-
excited machines.

Over the course of more than a century, several distinct motor types were created, and each
one came to be intimately connected with a certain use. For instance, traction was thought to
belong only to the series D.C. as opposed to the shunt D.C. Despite seeming identical, the
motor was thought to be completely inappropriate for traction purposes. Although the cage
induction motor was (and still is) the most common kind, it was determined that it was best
used in situations that required continuous speed. There are many different motor types because
there is no simple method to change the supply voltage and/or frequency to gain speed control,
forcing designers to find ways to include speed control within the motor itself. It was possible
to organize and link motor windings in a variety of inventive ways, but even the finest motors
had a limited working range and needed large electromechanical control systems.

Many of the unique motors perished as a consequence of these significant improvements,
leaving a relatively small number of kinds to handle the bulk of applications. Although the
transition from analogue to digital control marked a major advance, the most recent
advancement was made possible by the low cost of digital processors. Induction and
synchronous motor drives now come with real-time modelling and simulation as standard
equipment, enabling them to operate dynamically at levels that were previously thought to be
unattainable.

Dr. V. Joshi Manohar
Editor
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CHAPTER 1
CONCEPT OF ELECTRIC VEHICLE

Dr. Sumit Kumar Jha
Assistant Professor, Department of Electrical & Electronics Engineering,
Presidency University, Bengaluru, India.
Email 1d: - sumitkumar.jha@presidencyuniversity.in

Electricity is a major fuel source or a means of increasing the efficiency of traditional vehicle
designs in electric vehicles (EVs). EVs include battery electric vehicles (BEVs), sometimes
known as all-electric cars, and plug-in hybrid electric vehicles (PHEVs). Even while some of
these vehicles still combine electricity with liquid fuels, they are often referred to as electric
automobiles, or simply EVs. EVs are renowned for their quick torque and peaceful driving
experiences. Other types of electric-drive vehicles not covered here include fuel cell electric
vehicles, which use a propulsion system similar to electric vehicles and use energy stored as
hydrogen that is converted to electricity by the fuel cell. Hybrid electric vehicles, which are
powered by a conventional engine and an electric motor that uses energy stored in a battery
that is charged by regenerative braking rather than by plugging in [1]-[3].

When a vehicle is referred to as a "electric vehicle” (EV), it usually refers to one having an
electric drive (motor) propulsion system that can be plugged in to recharge the batteries that
supply at least part of the vehicle's energy storage. Battery electric vehicles (BEVSs), which
store all of their energy in batteries and must be plugged in to recharge, and plug-in hybrid
electric vehicles (PHEVSs), which have both battery and liquid-fuel storage systems and can
either be refuelled with liquid fuel or plugged in to increase the amount of energy they can
store. Regular (non-plug-in) hybrids have no plug yet nonetheless have an electric powertrain
system. They use a combination of functions, such regenerative braking, and liquid fuel to
refuel the batteries within the car.

An electric vehicle (EV) is a kind of road vehicle that uses electric propulsion. With this
expansive definition in mind, electric cars might include fuel cell electric vehicles, hybrid
electric vehicles, and battery electric vehicles (BEV) (FCEV). The topic of electric vehicles
spans several different disciplines and includes many intricate details. However, it has key
technologies, including as energy source technology, propulsion technology, and chassis and
body technology. The state of BEV and HEV is reviewed at the outset of the essay before
concentrating on the technical approach to EV development. Following the picture of the BEV
and HEV designs, it goes into fairly in-depth explanation about the key technologies, including
the infrastructure technology, energy source technology, and propulsion technology. Finally,
the issues of commercialisation are addressed.

The issues faced by BEV, HEV, and FCEV are summarised in the conclusion. BEV, HEV, and
FCEV are each at a distinct stage of development today, have various problems, and need for
different approaches. As can be seen, the battery is the main problem with BEVs. As a result,
BEV is only appropriate for tiny EV for short-distance, low-speed community transportation,
necessitating just a modest battery capacity. HEV can satisfy customers, however the main
problem is the price. FCEV has the potential to become the standard for mainstream cars in the
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future, but the technology is still in its infancy, and its price and refuelling infrastructure are
the key issues.

The number of people on earth will rise from 6 billion to 10 billion in the next 50 years, while
the number of automobiles will rise from 700 million to 2.5 billion. Where will the oil come
from if internal combustion engines power all of these vehicles? And how and where should
the emissions be released? Would the sky be dreary all the time? The depressing responses to
these inquiries inspire individuals to work for sustainable road transportation for the twenty-
first century.

Electric vehicle (EV) technology development has accelerated to meet these objectives in a
world where environmental preservation and energy conservation are rising issues. EVs may
provide pollution-free urban mobility in terms of the environment. The usage of EVs may
greatly decrease global air pollution, even when accounting for the emissions from the power
plants necessary to fuel the cars. When it comes to energy, EVs can provide a reliable, all-
encompassing, and balanced energy choice that is effective and ecologically beneficial, such
as the use of different types of renewable energies. Additionally, EVs have the potential to have
a significant influence on transportation, energy, the environment, and technology as well as
on the growth of new markets and industries and the economy [4]-[6].

Vehicles powered by batteries (BEV)

e Electric cars with batteries have 99% less moving components that need maintenance
than those with internal combustion engines.

e BEV benefits include:

e Noise is hardly audible

e No clutch, spark plugs, exhaust, or gears

BEVs may be charged overnight at home, extending their range to accommodate typical
commutes. Although regenerative braking or travelling downhill may help reduce this by
charging the battery packs, longer trips or those that demand a lot of hill climbing may mean
that the fuel cells need to be charged before you reach your destination.

A normal electric vehicle charge might take anything from 30 minutes to more than 12 hours.
Everything is based on the battery size and charging station speed. Range is one of the main
issues for electric cars in the real world, but this is something the industry is addressing.

Vehicles with Plug-in Hybrid Electric Power (PHEV)

Hybrid electric cars combine battery and gasoline (or diesel) power in addition to an electric
motor. Because you can switch to conventional fuels instead of looking for charging stations
to fill out the battery, they are excellent for long-distance driving. Of course, PHEVs have the
same drawbacks that are associated with combustion engine cars, such as the need for greater
maintenance, engine noise, pollutants, and the price of gasoline. Additionally, the range of
PHEVs is decreased due to their smaller battery packs. TWI has played a significant role in the
development of electric vehicles, helping to lighten the cars themselves, with joining and
welding, with protecting against battery combustion, and more.
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CHAPTER 2

HISTORY OF ELECTRIC VEHICLE

Mr. K. Sreekanth Reddy
Assistant Professor, Department of Electrical & Electronics Engineering
Presidency University, Bengaluru, India.
Email 1d: - ksreekanthreddy@presidencyuniversity.in

In 1834, EV was established. Many firms in America, Britain, and France made EVs
throughout the course of the last 10 years of the nineteenth century. Since 1930, internal
combustion engine cars have rapidly advanced due to battery limits and market saturation
(ICE). Some nations' interest in electric cars was rekindled in the early 1970s as a result of the
energy crisis. Public Law 94-413, sometimes referred to as the Electric and Hybrid Vehicle
Research, Development, and Demonstration Act, was originally introduced in the United States
in 1976. Even if electric cars were effective in the late 1800s and early 1900s, the crucial issue
remained, "Can EVs complete the work in our contemporary society?"

The preceding question has an affirmative response based on the years of EV development. An
experimental EV that ran from the California Institute of Technology (Caltech) to the
Massachusetts Institute of Technology (MIT) in 1968 experienced failures in nearly every
significant component, whereas a commercially produced EV that ran from Los Angeles to
Detroit in 1998 demonstrated success with no component failures. Since electric vehicles (EVS)
were still in the research and development phase in the 1970s, the bulk of them were modified
internal combustion engine (ICE) cars [1]-[3].

Today, EVs are offered by well-known manufacturers for purchase or leasing. The majority of
them are brand-new EVs, not retrofitted cars. current major concerns As contrast to the prior
energy worry, the California rule's requirement is now what is promoting the adoption of EVs
the most. As a result, the key question is whether EVs can be made accessible. The cost and
range of EVs are what mostly determine their affordability. The range is being addressed by
the creation of cutting-edge batteries like lithium-ion, zinc-air, and nickel-metal hydride.
However, given that batteries have substantially lower specific energy and energy density than
gasoline, the development of fuel cells for electric vehicles (EVs) has recently increased.

Meanwhile, research on commercial hybrid electric vehicles (HEVs) is moving quickly as well.
HEVs effectively increase the power and range of EVs while also increasing complexity and
expense because of the extra energy source, engine, and accessories. In an attempt to reduce
costs, a number of EV subsystems, including battery chargers, energy management systems,
electronic controllers, electric motors, power converters, and other EV auxiliaries, are being
improved. Section 3.3 of Developmental Trends The amount of papers given at the main
worldwide EV conferences from 1984 to 2000 on a range of themes was studied in order to
identify patterns in the development of different EV aspects [4]-[6].

With reference to propulsion systems, research papers on switching reluctance motor drives
(SR) and induction motor drives (IM) are still at the crawling stage while publications on DC
motor drives (DC) and permanent magnet motor drives (PM) are sinking. Lead-acid batteries
(LA), nickel-based batteries (NB), lithium-based batteries (LB), fuel cells (FC), and
capacitors/flywheels (CF) are just a few examples of the different energy sources that are being
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developed. While LA and NB continue to advance, LB, FC, and CF are seeing an increase in
the number of articles published on them. It was noted that when it comes to EV configurations,
conversion EVs are waning in favour of purpose-built EVs, while HEVs are rising in popularity
for developing EV markets. The growing number of papers on EV standards, marketing, and
demonstration was also emphasised as evidence that EVs are essentially ready for
commercialization.

Coal, gasoline, diesel, and compressed natural gas (CNG) are all nonrenewable sources of
energy that will eventually become extinct since they cannot be easily substituted. As a result,
challenges may arise with future transportation technologies. Consequently, electric
automobiles are preferred for mobility. The usage of modern fuels by vehicles results in a rise
in greenhouse gas emissions. Compared to gasoline-powered automobiles, plug-in electric
vehicles produce much fewer greenhouse emissions, making them more environmentally
friendly (like coal, petrol, diesel, CNG).

The use of electric vehicles (EVSs) is now growing, however there are a number of problems
with batteries, including slower charging rates, restricted electrical storage capacity, length,
and weight. It is critical to the development of electric cars (EVs) and the elimination of battery-
related problems. The possibility of remote power transfer/wireless power transfer (WPT) is
developed to eliminate battery-related issues, ozone-harming substances, and to address the
attractive control radiation issue. This is because many buyers do not prioritise EVs because of
worries about charging. Although there are many charging stations erected on the sides of the
road, from the user's viewpoint, the amount and rate of battery loss, as well as the distance
needed to recharge an electric car, are unfavourable. This project will fix all of the issues with
manual charging jobs and charging reminders.

Vehicles used for personal transportation have become a necessity. The bulk of these vehicles,
however, run on either gasoline or diesel, which results in sizable emissions of greenhouse
gases that contribute to global warming, a subject that is now causing a lot of worry. A very
promising technique to reduce harmful gas emissions is via the use of electric automobiles.
Recharging an electric vehicle using a rechargeable battery that is only usable while the car is
parked. In order to enable portable charging of cars, the concept of wireless power transfer is
proposed.

EV use now raises a variety of battery-related issues, such as slow charging rates, constrained
electrical storage capacity, etc. It is essential to advancing EVs and minimising battery-related
problems. Because there are fewer charging stations, many individuals decide against
purchasing EVs because they have charging-related worries. With the dynamic coils situated
next to toll booths, traffic signals, roundabouts, and other locations with significant traffic,
dynamic charging of EVs is designed to be user-friendly. In light of the fact that users must
drive, pay tolls, and park in order to recharge their electric cars. All issues with charging
reminders and other manual charging duties will be addressed by this project.
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CHAPTER 3
BATTERIES FOR ELECTRIC VEHICLES

Dr. Sumit Kumar Jha
Assistant Professor, Department of Electrical & Electronics Engineering,
Presidency University, Bengaluru, India.
Email 1d: - sumitkumar.jha@presidencyuniversity.in

Automobiles that run entirely on electricity, plug-in hybrid electric vehicles (PHEVs), and
hybrid electric vehicles need some kind of energy storage system, often batteries (HEVS).

Various Energy Storage System Types

All-electric vehicles, plug-in hybrids, and HEVs employ the following energy storage
techniques. Currently, lithium-ion batteries are used in the majority of portable consumer
electronics, such as mobile phones and laptops, due to their high energy per mass compared to
alternative electrical energy storage technologies. They also exhibit outstanding high-
temperature performance, a high power-to-weight ratio, exceptional energy efficiency, and less
self-discharge. The majority of lithium-ion battery components can be recycled, but this is still
a problem for the industry since material recovery costs are so high. The U.S. Department of
Energy is funding the Lithium-lon Battery Recycling Prize in order to develop and demonstrate
workable techniques for collecting, sorting, storing, and transporting used and discarded
lithium-ion batteries for subsequent recycling and materials recovery. Today's majority of all-
electric and plug-in hybrid vehicles use lithium-ion batteries, despite the fact that their
particular chemistry often varies from that of consumer electronics batteries [1]-[3]. Research
and development on these items is still ongoing in an effort to reduce their relatively high price,
extend their useful lives, and address safety concerns with overheating.

Nickel-Metal Hydride

Nickel-metal hydride batteries are often found in computers and medical equipment because
they have sufficient specific energy and specific power capacities. Nickel-metal hydride
batteries, which are more safe and resistant to misuse, have a much longer lifetime than lead-
acid batteries. These batteries have been used a lot by HEVs. Nickel-metal hydride batteries'
high cost, high self-discharge, large heat output at high temperatures, and need to control
hydrogen loss are its main drawbacks [4]-[6].

Lithium-ion batteries

It is feasible to produce high-power lead-acid batteries that are also reliable, inexpensive, and
safe. However, because to their low specific energy, poor cold-temperature performance, short
calendar life, and short lifespan, they are not widely used. Despite being created, advanced
high-power lead-acid batteries are only used as auxiliary loads in electric vehicles now on the
market.

Ultra capacitors

Ultracapacitors store energy in a polarised liquid encased in an electrolyte and electrode
sandwich. Surface area of the liquid increases as energy storage capacity grows as well. Using
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ultracapacitors, a vehicle may accelerate faster swiftly, climb slopes more readily, and recover
braking energy. They could be useful as additional energy storage devices in electric-drive
automobiles since they help electrochemical batteries balance load power.

The useable life of the electric vehicles now available on the U.S. auto market has only just
begun to fade. With the increasing use of electric vehicles, the market for recycled batteries
might expand. Battery recycling on a large scale would stop harmful materials from entering
the waste stream both when a battery approaches the end of its useful life and while it is being
manufactured. Because of material recovery via recycling, which would increase domestic
sources for these commaodities, crucial resources would be reintroduced into the supply chain.
A project is under underway to create battery recycling methods that decrease the negative
consequences of using lithium-ion and other kinds of batteries in autos. Diverse material
recovery separation strategies are required for distinct recycling processes, however.

Processes known as smelting are used to extract salts or fundamental elements. These processes
are already widely used and may be used with a range of batteries, such as lithium-ion and
nickel-metal hydride. Organic elements, like as the electrolyte and carbon anodes, are burned
at high temperatures as fuel or reductant during the smelting process. To make the end product
suitable for any use, the precious metals are taken out and transferred for refinement. Lithium
is among the extra elements present in the slag, which is now a component of concrete. On the
other hand, certain recycling techniques specifically recover materials that can be used to make
batteries. The components are separated using a variety of physical and chemical techniques,
allowing for the recovery of all active ingredients and metals. Low-temperature, less energy-
intensive direct recovery is a method.

The third kind of process falls in the midst of the previous two types. These processes recover
materials further along the production line than smelting does, albeit they may need different
kinds of batteries than direct recovery does. Separating the different battery components is
often a barrier to the recovery of high-value materials. A battery's capacity to be disassembled
and recycled is thus essential for electric-drive automobiles to be effective from a sustainability
standpoint. If the materials and cell designs used to make batteries were standardised, recycling
them would likewise be easier and more economical.
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CHAPTER 4

WIRELESS CHARGING TECHNOLOGY

Dr. V. Joshi Manohar
Professor and HOD, Department of Electrical & Electronics Engineering
Presidency University, Bengaluru, India.
Email ID: - joshimanohar@presidencyuniversity.in

Powering and charging electrical devices via wireless charging is a trustworthy, practical, and
secure way. In the sectors that produce consumer products, healthcare, automobiles, and
aerospace, it is gaining ground.

How Wireless Charging Technology Works and its Types
Wireless charging technology comes in three different flavours:
Radio Charging

Combining a number of small batteries and using very little current, this charging mechanism
works. With wireless keyboards, wireless mice, medical devices, hearing aids, watches, music
players, and other gadgets, this technology is often employed. These devices use radio
frequency waves to broadcast and receive wireless communications. For the purpose of
producing radio waves, this method connects the transmitter to a socket. Setting the receiver's
frequency to coincide with the transmitters allows you to recharge the battery.

A close-range charging method is inductive charging. The idea of electromagnetic induction is
used in this charging method. A magnetic field is produced when an electric current travels
through a wound-up coil or cable inside of a charging pad or station. This magnetic field then
induces the creation of an additional electric current in the induction coil of a nearby portable
device [1]-[3].

Mid-sized portable devices like smartphones that support Qi wireless charging, smart
wearables, and kitchen appliances that support Ki cordless charging all use this charging
technique.

Induction of Resonance

In devices that demand a lot of power, resonance charging, a totally distinct sort of charging
method, is used. Huge computers, electric cars, robotics, vacuum cleaners, and other devices
use these techniques. Here, a copper coil that is affixed to the charging apparatus is paired with
another copper coil that is hooked to a power source.

When the electromagnetic frequencies of the two copper coils are tuned to the same value,
wireless charging takes place. The power source makes it simple to charge a mobile device's
battery. Only over short distances is wireless resonance charging feasible. Inductive and
resonance charging parameters are the focus of each of the three main wireless charging
organisations that have developed after years of work. There are many participants, including
the Alliance for Wireless Power (A4WP), the Power Matters Alliance (PMA), and the Wireless
Power Consortium (WPC), as well as a number of additional members from the electronics
manufacturing sectors. Industrious or pad-style charging as well as short-distance
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electromagnetic resonant inductive charging are both possible using the WPC's Qi standard
(pronounced "Chee"), which is one of the most sophisticated and widely-liked wireless
charging protocols. By integrating its wireless charging technology in outdoor meeting and
refreshment places as well as airports, the PMA and its Powermat inductive charging standard
found success [4]-[6].

Wireless charging has advantages:

In Piscataway, New Jersey, and established on December 17, 2008, the Wireless Power
Consortium (WPC) is a global technology organisation. It seeks to advance and promote wider
market use of its inductive charging interface standards, including Qi, Ki Cordless Kitchen,
light electric cars, industrial wireless charging, and Qi Medium Power. It is an association with
open membership made up of American, European, and Asian businesses committed to the
globalisation of wireless charging technology.

You may charge your smartphone wirelessly with the help of the wireless charging technology,
which removes the inconveniences related to electrical charging. Wireless power transmission
for smart homes is a safer alternative since people and animals may trip over wires.
Additionally, wireless charging is speedier and offers a workaround for wet and dirty
environments where electric charging is impractical. On the subject of the actual gadgets,
wireless charging enables the remote universal charging of several gadgets. In the not too
distant future, wireless charging pads will be integrated into the home's infrastructure, and
every device will have to be able to use it.

With over 25 years of expertise in Device Engineering, Digital Engineering, and Quality
Engineering, elnfochips is a firm that specialises in product engineering. Many businesses have
partnered with it in the pursuit of innovation. With the founding member of the wireless power
consortium and Fortune 1000 business NuCurrent, which creates high-potential wireless
technology solutions, elnofchips has partnered with NuCurrent. 500+ devices have been
created by NuCurrent for a variety of industries over the course of 200+ projects, and the
company has won several accolades for product innovation across the world. For a US-based
producer, elnfochips developed a range of wireless charging solutions for ruggedized laptops
and wireless earphones in association with NuCurrent.

Wireless charging advantages

When a device has a built-in battery or cannot be accessed, wireless charging is practical when
using electrical connectors would be unsafe. In situations where the risk of electrical shock or
the presence of germs must be maintained to a minimum and electrical connections are not
permitted, wireless charging is often utilised in medical equipment and food goods.

Reducing the number of cords and power adapters you need to have specially made for your
device or application is another benefit of wiring charging. The energy delivered to the battery
through wireless charging might be 5W or 10W in size. Having your battery charged may be
an excellent solution. It may also charge your battery quickly depending on the size of the
battery pack. The separation between the two coils in the majority of applications is usually
5mm. A minimum of 35mm may be added to that range.
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Today's globe is moving toward electric mobility to minimize the pollution produced by non-
renewable fossil fuel cars and to provide an alternative to expensive fuel for transportation.
However, for electric cars, the two main problems preventing their acceptance over
conventional vehicles are their driving range and charging procedure [1]-[3].

With the development of wire charging technology, you can now charge your electric car while
driving or just leaving it parked on a spot. This eliminates the need for lengthy waits at charging
stations. We are now quite used to wireless data, audio, and video transmission, so why can't
electricity be sent over the air?

We are grateful to the great scientist Nikola Tesla for his many brilliant innovations, among
which is wireless power transmission. In 1891, he began experimenting with wireless power
transfer and created the Tesla coil. Tesla began building the Wardenclyffe Tower in 1901 with
the main objective of creating a new wireless power transmission system. The tower was
dynamited and destroyed for scrap on July 4th, 1917, to pay off Tesla's debts, which is the
saddest aspect.

Tesla working next to a Tesla coil

The fundamentals of wireless charging are similar to those of transformer operation. In wireless
charging, there is a transmitter and a receiver. A 220V 50Hz AC supply is converted into high
frequency alternating current and supplied to the transmitter coil. This high frequency AC then
creates an alternating magnetic field that cuts the receiver coil and results in the production of
AC power output in the receiver coil. But maintaining the resonance frequency between the
transmitter and receiver is crucial for effective wireless charging. Compensatory networks are
introduced on both sides to maintain the resonant frequencies. Finally, this AC power at the
receiver side is rectified to DC and delivered to the battery through a battery management
system (BMS) [4], [5].

Wireless EV charging systems may be divided into two groups based on the application.

e Static Wireless Charging
e Dynamic Wireless Charging

1. Static Wireless Charging

The car charges while it is stationary, as the name implies. Therefore, we may just park the EV
at the parking space or in the garage that is integrated with WCS. The receiver is set up in the
vehicle's undercarriage, while the transmitter is installed underground. Align the transmitter
and receiver before leaving the car to start charging. The distance between the transmitter and
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receiver, the size of their pads, and the power level of the AC source all affect how long it takes
to charge.

The optimal places to construct a SWCS are those where EVs are often parked for extended
periods of time.

2. Dynamic Wireless Charging System (DWCYS)

As the name implies, a vehicle is charged while it is moving. From a stationary transmitter to
the reception coil in a moving vehicle, electricity is sent via the air. With the use of DWCS, an
electric vehicle's journey distance might be increased thanks to continuous battery charging
while the vehicle is moving along roads and highways. It lessens the requirement for massive
energy storage, which further decreases the vehicle's weight.

Types of EVWCS
Based on operating methodologies, EVWCS may be divided into four types [6].
1. Capacitive wireless charging (CWCS)

Energy is wirelessly transferred between the transmitter and receiver using the displacement
current created by the fluctuating electric field. Instead of using magnets or coils as the
transmitter and receiver in this case, coupling capacitors are used to transfer power wirelessly.
The AC voltage is initially supplied to the power factor adjustment circuit in order to improve
efficiency, maintain voltage levels, and reduce transmission losses. After being fed to an H-
bridge to create high-frequency AC voltage, it is then sent to the transmitting plate to cause the
development of an oscillating electric field, which causes displacement current to be generated
at the receiving plate through electrostatic induction.

The receiver side AC power is converted to DC and sent to the battery through the BMS
utilising rectifier and filter circuits. Depending on the frequency, voltage, coupling capacitor
size, and separation between the transmitter and receiver, a certain amount of power may be
sent. Its operating frequency is between 100 and 600 KHz.

2. A permanent magnet gear wireless charging method (PMWC)

In this case, the transmitter and receiver are each constructed from an armature winding that
contains synchronised permanent magnets. On the transmitter side, functioning is similar to
how a motor works. When an AC current is delivered, mechanical stress is created on the
transmitter winding, which spins the transmitter magnet. The PM of the receiver is torqued as
a result of a change in the magnetic interaction in the transmitter, which makes it spin
synchronously with the transmitter magnet. The effect of the altered permanent magnetic field
in the receiver is the generation of AC current in the winding. To put it another way, the receiver
now serves as a generator, transforming the mechanical power sent to the receiver PM into
electrical output at the receiver winding. The phrase "magnetic gear" refers to the assembly of
rotating permanent magnets. The generated AC power is transferred to the battery at the
receiver side after being rectified and filtered by power converters.

3. System for Inductive Wireless Charging (IWC)

The fundamental principle of IWC is Faraday's law of induction. Wireless power transmission
is possible in this instance because to magnetic field mutual induction between the transmitter
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and reception coils. When the main AC supply is linked to the transmitter coil, an AC magnetic
field is created that passes through the reception coil and moves the electrons there to produce
AC power. Using this rectified and filtered AC output, the electric vehicle's energy storage
system is charged. How much power is provided depends on many factors, including
frequency, mutual inductance, and the distance between the transmitter and receiver coils. IWC
runs in the range of 19 to 50 KHz.

4. Wireless Charging System with Resonant Induction (RIWC)

Since resonators with high Quality Factor transmit energy at a considerably higher rate than
those with low Quality Factor, operating at resonance allows us to transfer the same amount of
power as in IWC even with lower magnetic fields. Electricity can move across long distances
without the need of cables. The greatest power that can be sent over the air depends on how
well-tuned the transmitter and receiver coils are, or how closely the resonance frequencies of
both coils match. As a result, additional compensation networks are added to the transmitter
and receiver coils in series and parallel arrangements to achieve desirable resonant frequencies.
These additional compensation networks assist reduce further losses in addition to raising the
resonance frequency. Between 10 and 150 KHz is where the RIWC functions.\

Bibliography

[1] Y.J.Jang, S. Jeong, and M. S. Lee, “Initial energy logistics cost analysis for stationary,
quasi-dynamic, & dynamicwireless charging public transportation systems,” Energies,
2016, doi: 10.3390/en9070483.

[2] Z.Li, M. Zhang, S. Huang, and J. Yi, “Design and optimization of structure of tower-

type coil in wireless charging system for electric vehicles,” Prog. Electromagn. Res. B,
2019, doi: 10.2528/PIERB19051201.

[3] A. Mahesh, B. Chokkalingam, and L. Mihet-Popa, “Inductive Wireless Power Transfer
Charging for Electric Vehicles-A Review,” IEEE Access, 2021, doi: 10.1109/ACCESS.
2021.3116678.

[4] K. Liu, K. Li, Q. Peng, and C. Zhang, “A brief review on key technologies in the battery
management system of electric vehicles,” Frontiers of Mechanical Engineering. 2019.
doi: 10.1007/s11465-018-0516-8.

[5] W.Wang, J. Wang, J. Tian, J. Lu, and R. Xiong, “Application of Digital Twin in Smart
Battery Management Systems,” Chinese Journal of Mechanical Engineering (English
Edition). 2021. doi: 10.1186/s10033-021-00577-0.

[6] Y. Yao, S. Gao, Y. Wang, X. Liu, X. Zhang, and D. Xu, “Design and Optimization of
an Electric Vehicle Wireless Charging System Using Interleaved Boost Converter and
Flat Solenoid Coupler,” IEEE Trans. Power Electron., 2021, doi: 10.1109/TPEL.2020.
3019441.

ISBN 978-81-962236-7-0 March 2023



Electric Motors & Drives

CHAPTER 6

FUTURE OF WIRELESS CHARGING SYSTEM FOR ELECTRIC
VEHICLES (EVS)

Mr. K. Sreekanth Reddy
Assistant Professor, Department of Electrical & Electronics Engineering
Presidency University, Bengaluru, India.
Email Id: - ksreekanthreddy@presidencyuniversity.in

Electric vehicles (EVs) will take on a greater significance as nations throughout the world work
to meet their own decarbonization objectives. With 2.3 million EVs shipped in Europe, EV
sales in 2021 increased by 109% over the previous year. There is now a higher need for a more
effective EV charging infrastructure in order to maintain this growth pace and ultimately
achieve decarbonization goals. The car sector would see a revolution thanks to wireless EV
charging, which would also improve charging effectiveness. Wireless EV charging is more
convenient than the existing method of plugging in your EV, allowing the user to charge their
EV without leaving the car [1]-[3].

Inductive charging transfers electricity via magnetic fields, whereas capacitive charging uses
electric fields conveyed through capacitive interaction between metal electrodes (capacitive
charging). The most popular wireless innovation is inductive charging. The market will be
dominated by magnetic resonant wireless charging, which is now the norm for EVs worldwide.
When parked over a charging pad, EVs using wireless charging technology may recharge their
batteries without being plugged in. It may become a crucial part of the ecosystems for
autonomous vehicles in the future. The vehicle and ground subsystems are included in the
wireless charging system. An electronics module and a receiver pad make up the wireless
charging system's car side. Direct current (DC), which immediately charges the vehicle's
battery, is created from high-frequency alternating current (AC). An electronics cabinet is
linked to a charging pad that has been inserted into the pavement on the system's ground side.
The electronics cabinet produces high-frequency AC power, which is then communicated to
the car through the charging pad [4]-[6]. What benefits may wireless EV charging provide?
How can EV adoption be boosted by wireless EV charging?

Compared to conventional public charging stations, wireless EV charging technology is more
convenient, interoperable, and resistant to vandalism. The user never has to get out of the EV
to deal with several connections, bulky cables, or struggle with a difficult user interface in order
to process payments. A far better end-user experience is provided since the whole EV charging
procedure is streamlined. Charging starts automatically as soon as the driver places the vehicle
in alignment with the transmitter pad on the ground. The technique is extremely helpful for
electrifying electric buses, which are prime prospects. Buses with smaller batteries are more
inexpensive, have longer battery lives, and have reduced operating costs thanks to wireless
charging.

Wireless EV charging

The adoption of EVs might be boosted through wireless EV charging. Since most initiatives
are still in the pilot phase and the market is still fairly new. But if serial manufacturing and
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integration with original equipment manufacturers (OEMSs) can take place, the proof of concept
has been shown, and a home and public target base is now reachable.

What must wireless EV charging infrastructure do to keep up with demand?

Infrastructure must be set up in places where EVs are most likely to be used, and wireless EV
charging technologies must be factory installed. A taxi station is an excellent illustration, as
wireless charging pads buried in the ground may recharge the EV while the driver waits for a
new passenger. The power levels for wireless charging must rise from a technological
standpoint. WiTricity now achieves the fastest wireless power supply for passenger EVs at
11kW. Comparable to Level 2 charging, which is inadequate for rapid top-ups beside
motorways. Momentum Dynamics, Wave, and Tesvolt are a few companies that specialise in
inductive supercharging for commercial vehicles, whose wireless charging capacity is typically
200kW. This technology is only made feasible by cutting-edge coil designs and greater pad
surface areas.

But compared to a DC fast charging station's throughput, wireless charging power levels for
passenger automobiles are intrinsically constrained. The approach has limitations in that it only
works over short distances and that the power transmitter and power receiver must be aligned.
As aresult, it is not much more flexible than utilising a charging station with a connection. The
standard for wireless power transfer (WPT) for EVs with up to 11kW power levels,
"Recommended Practice SAE J2954," has been updated by SAE International. For 500kW
charging for heavy-duty cars that have the space to put a bigger induction plate, a much more
potent WPT is being described in J2954/2. Before widespread deployment across various EV
sectors can be accomplished, these standards must be issued.

Rather of relying on existing retrofits, automotive OEMs must begin installing wireless
charging technology from the plant. According to WiTricity, a global leader in this area, the
manufacturing cost to add wireless charging is between $750 and $1,000, but over the next
three to four years, this cost will drastically decrease. If accomplished, this ought to allow the
technology to transition from a "convenience improvement™ to a mass-market, standardised
charging solution.
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If we live in a city or town, we seldom ever consider how the water is delivered to the locals
on a daily basis. Small communities usually provide a network of pipes to transport water to
each residence in the area. We just need to understand how to operate the valve at the sink. Due
to the fact that the internal workings are hidden and the water supply is independent of the
neighbours down the road. Every house has a well that it can draw water from and provide to
the house using an electromechanical system.

Using 25% of the energy produced by industrial motors, pumping systems are the single biggest
industrial end-use of motor-driven power in the United States. Additionally, about 20% of the
world's electricity consumption is met through pumping systems. Pumping is thought of as a
different process from the operations of the aforementioned equipment, even though it often
operates to feed a variety of chemical process support equipment, such as chillers, cooling
towers, material transfer, etc. Fluids may be raised, compressed, or transferred with a pump.
Numerous best practises might be centred on the motors that drive the majority of pumps. Pump
and system curves are often used to represent the functioning of pumps in models. Pump curves
provide information on the horsepower, head, and flow rate for a particular pump at a certain
rpm. The capacity and head necessary for a pump system are described by system curves [1],
[2]. The definition of a water pump is a pump that combines both mechanical and hydraulic
principles to move water through a pipe system while producing enough force for subsequent
usage. Because of early civilisation, they have existed in one structure or another. These pumps
are now used in a variety of residential, agricultural, governmental, and industrial purposes [3],

[4].
Water Pump Operating Mechanism

A water pump's operation relies mostly on the positive displacement principle and kinetic
energy to move the water. While other pumps may be powered by different types of drivers
like gasoline engines or diesel, these pumps employ AC power or DC electricity to activate the
water pump's motor [5], [6]. The water pump is a lightweight tool that has a variety of domestic
uses. These pumps are used to move a large volume of water from one location to another. A
water pump's primary function is adaptability. A high-quality pump that is properly chosen
may be ideal for circulating pesticides or fertilisers, draining water from a low-lying flooded
area, and filling the bathtub and pool. Given the wide variety of water pumps available, it is
important to consider the situation before choosing a reliable pump.

Various Water Pump Types

Centrifugal and positive displacement water pumps are the two categories under which they
fall. These pumps are primarily designed for continuously transferring water from one place to
another.
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Water centrifugal pump

Centrifugal pumps are made with a revolving impeller that may be utilised to push the
discharge flow and provide water to the pump. There are various different varieties of these
pumps, including regular, submersible, and garbage variants. All liquids may be pumped with
low viscosity with these pumps. Additionally, these pumps provide high flow rates and operate
well with thin fluids.

Considerations

These pumps may be used in a variety of settings, including the water system and construction.
These pumps are used to provide buildings with water, and they work well with pneumatic
systems when a no-suction lift is required. These water pumps' primary functions are to pump
water from household wells and to raise the water pressure in intake lines. For fire protection
systems, centrifugal pumps provide a constant pressure supply. They may also function as
sump pumps in either horizontal or vertical layouts.

Centrifugal pumps are prone to several common issues. To prevent overheating that is brought
on by insufficient supply, they could need liquid circulation. To function correctly, these kinds
of pumps need to be ready. When choosing a pump, if the head of the positive suction system
is too low, it may cause cavitations, which is when air bubbles develop near to the impeller and
cause shock signals within the water pump. Finally, delayed solids in the fluid might degrade
wear on the pump's impeller.

Water Pump with Positive Displacement

A predetermined quantity of flow is provided by positive displacement pumps as a result of the
mechanical contraction and growth of a stretchy diaphragm. These pumps may be used in a
variety of sectors that regulate very viscous fluids anywhere there may be responsive solids.
These are recommended for use in situations where both high pressure and low flow are
necessary.

Considerations

These pumps, which are also known as rotational pumps sometimes, are highly competitive
since they stop air leakage by removing air from the lines. These are also effective when
working with fluids that have a high viscosity. The primary drawback of these pumps is that
very little space is required between the rotating pump and the unit's outside border. As a result,
the revolution must proceed at very slow rates. High speed operation of the water pump might
eventually result in fluid decreasing the pump's efficiency. Water pumps are used to dewater
areas to reduce downtime after heavy rains. These pumps are often used in buildings, wells,
boost applications, hot water circulation systems, sump pits, and other safety-related
applications.

This is all about water pumps, which are widely used in the construction industry for
dewatering and eliminating extra water. Water pumps enable you to provide the water quickly
to minimise downtime when there is an increase in water flow due to heavy rainfall. These
pumps are suitable for electric, hydraulic, gas-powered, and other manual applications. These
pumps are a significant improvement to our way of life since they enable a wide range of
domestic, agricultural, and industrial operations. Selecting the right water pump for your needs
might be difficult since there are so many different types of water pumps available.
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Electrical devices that transform electrical energy into mechanical energy are known as motors.
When a current conductor is placed in a magnetic field, the engine of the motor converts into
an electrochemical system, turning electrical energy into mechanical energy. AC and DC
motors are the two primary categories of electric motors. AC motors provide excellent speed
control, however DC motors are often used due to their inexpensive starting cost. A motor is a
mechanical device that converts electrical energy into mechanical energy. When the current
and magnetic field in the motor interact, a force is experienced in the perpendicular direction
to the current and magnetic field. A motor is a machine that produces rotating force [1], [2].

AC Motors

Synchronous Motors and Their Applications: It is utilised to drive constantly functioning
equipment at constant speed because its speed stays constant under fluctuating loads. The rotor
(which is linked to the load) in these motors rotates at the same speed as the stator current's
revolution. In other words, these motors do not have slip in relation to the stator current. They
are sometimes used to increase the power factor of the local grid to which they are connected
rather than to drive the load. These motors are also found in high precision positioning
equipment such as current robotics, ammonia and air compressors, motor-generator sets,
continuous rolling mills, and the paper and cement industries. They also function as stepper
motors.

Asynchronous Motors and Their Applications: These are the most frequent types of motors
used in daily life, from pushing water up the overhead tank to powering plant boiler feed
pumps. These motors are very versatile and can meet practically any load requirement. Because
of their load bearing capability and adaptability, the most extensively used induction motors
are critical for many sectors. Unlike synchronous motors, these motors slide when compared
to the stator current field. They are often used for many sorts of pumps, compressors, and as
prime movers in a variety of machines [3], [4].

Single and three phase motors and their applications: AC motors may be used in two ways
depending on their power source. Single phase motors are often used in low power
requirements/domestic appliances such as ceiling fans, mixer grinders, portable power tools,
and so on. Three phase motors are often used for high power needs such as power drives for
compressors, hydraulic pumps, air conditioning compressors, irrigation pumps, and many more
applications. Constant, Variable, and Adjustable Speed Motors: As previously stated, A.C.
Motors are very versatile in many aspects, including speed control. For air compressors, motors
should be driven at a steady speed. Certain cooling water pumps powered by alternating current
motors may be operated at two or three speeds simply by changing the number of poles
employed. When the number of poles is adjusted, so does the speed. These are ideally suited
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for sea water cooling pumps in marine engine rooms and numerous power plants. The speed
of the motors may also be controlled constantly by various electrical setups, making it suitable
for applications such as a ship's cargo pump, whose discharge rate must be reduced to meet
terminal requirements. Varied Structure Motors: Depending on the application or any unique
industrial requirements, these motors have varying exterior cage configurations. The casing of
motors used in gas and oil terminals must be inherently safe, which means it may have either
an enclosed casing or a pipe ventilated design so that sparks created within the motor do not
ignite a fire outside it. Many motors are also completely encased since they may be exposed to
the elements, such as those used in hydroelectric power plants.

Direct current motors

A permanent-magnet motor lacks a field winding on the stator frame and instead relies on
permanent magnets to generate the magnetic field with which the rotor field interacts to create
torque. On large motors, compensating windings in series with the armature may be utilised to
enhance commutation under load. This parameter cannot be modified for speed control since
it is fixed. Permanent-magnet fields (stators) are useful in small motors because they reduce
the field winding's power consumption. Larger DC motors are called "dynamos,” and they have
stator windings. Permanent magnets could not previously be produced to maintain high flux
when dismantled; field windings were more feasible for obtaining the required amount of flux.
Big permanent magnets, on the other hand, are expensive, risky, and complex to construct; this
favours winding fields for large machinery.

D.C. Motor Series

It is utilised for heavy duty applications such as electric locomotives, steel rolling mills, hoists,
lifts, and cranes because to its strong starting torque and variable speed.

D.C. Shunt Motor

It has a moderate beginning torque and runs at a practically constant pace. As a result, it is used
to power constant-speed line shafts, lathes, vacuum cleaners, woodworking machines, washing
machines, elevators, conveyors, grinders, and tiny printing presses, among other things. Motor
with Cumulative Compounding. It is a variable-speed motor with a high starting torque that is
used to power compressors, variable-head centrifugal pumps, rotary presses, circular saws,
shearing machines, elevators, and continuous conveyors, among other things [5].

Brushless direct current motors

The brushless design eliminates some of the issues associated with brushed DC motors. The
mechanical "spinning switch™ or commutator/brushgear assembly of this motor is replaced with
an external electronic switch that is synced to the rotor's position. Brushless motors are often
85-90% efficient or greater (researchers at Tokai University in Japan claimed higher
efficiencies for brushless electric motors of up to 96.5% in 2009), but DC motors with
brushgear are typically 75-80% efficient.
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Pumping stations are used to distribute fluid in commercial, industrial, and residential settings
all over the world. Centrifugal pumps, the most used kind of pumping machinery, are in charge
of 80 to 90% of total water treatment. The electrical energy of the supply grid is gradually
turned into mechanical energy on the motor shaft, which is subsequently transformed into
hydraulic energy of the fluid by a set of pumps. Centrifugal pumps are used a lot because they
are simple, affordable, and need less maintenance than other types.

The mechanical efficiency of the pump, the quality of the power source, distribution losses,
and the mechanical efficiency of the motor are some of the factors that determine the
effectiveness of an electric water pumping system. Energy efficiency has an impact on the
functioning of an electric drive, its consumption, and the cost of obtaining electric energy
(active, reactive). New pumping technology solutions are currently being sought after in an
attempt to boost energy efficiency due to the low energy efficiency of water pumping systems

[1], [2].

Electric Drives have quoted efficiencies that vary from 70 to 95 percent. The rated efficiency
of the majority of medium and large centrifugal pumps is between 65 and 85%, sometimes
even less. Their research shows that the rated efficiency of the whole pumping station is often
far below 75%. In the last several years, there has been a lot of discussion about the difficulties
associated with energy management in the water distribution industry. The accurate analysis
of the multi-pump system performance in the best efficiency region has been produced in such
works where frequency control is used to operate the pump as nearly as feasible at the flow
rate and head matching to the greatest efficiency offered by the manufacturer. Energy savings
at water pumping stations was discussed. The pump-motor system's operating point may be
determined using the valve pipes, multistage gearbox, and speed control of the electric motor,
among other components. While the flow and head may be controlled manually or
hydraulically, the electric motor is normally operated at a constant speed. Using this method, a
centrifugal pump is powered by a motor, which runs at almost the same speed as the pump. In
order to save energy and increase the efficiency of the pump-motor units, advanced electric
drive systems are being developed for controlling the water flow and head by altering the speed
of the electric motors [3]-[5].

Speed management is essential for the BLDC motor to run at the proper pace. The input DC
voltage/current may be changed to control the speed of a brushless DC motor. As the voltage
rises, the speed rises as well. A variety of control algorithms have been used to drive BLDC
motors. The motor voltage is managed by a power transistor working as a linear voltage
regulator. This makes driving higher powerful motors impractical. High-power motors need
PWM control, and a microcontroller is required to provide starting and control capabilities.
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The control algorithm must provide all three of the following:

The motor speed is controlled by the PWM voltage. Mechanism for back-EMF or Hall sensors
to commutate the motor rotor position estimate technique. Pulse-width modulation is used to
provide a variable voltage to the motor windings. The relationship between the effective
voltage and the PWM duty cycle is inverse. When properly commutated, the torque-speed
characteristics of the BLDC motor are identical to those of a dc motor. The variable voltage
may be used to control the motor's speed and available torque. The power transistors'
commutation selects the ideal stator windings to activate in order to provide the maximum
amount of torque depending on the rotor position. In order to commutate at the appropriate
time in a BLDC motor, the MCU has to be aware of the position of the rotor.

Speed control comes in two types: closed loop and open loop. Only the dc voltage that is
provided to the motor terminals must be controlled for open loop speed control. However, this
has the effect of in some manner confining the current. The input supply voltage is adjusted
using the motor's speed feedback in a closed-loop speed control system. The supply voltage is
then adjusted in response to the error signal. The closed loop speed control is made up of three
primary components.

A PWM circuit that generates the required pwm pulses. A timer IC or a microcontroller may
be used. a sensor capable of determining the motor's actual speed. It might be a Hall Effect
sensor, optical encoder, or infrared sensor. One of the simplest methods for controlling dc
brushless motors is trapezoidal commutation. Current is controlled by the motor terminals one
pair at a time, with the third motor terminal always electrically disconnected from the power
source.

Three Hall devices that are integrated into the motor and monitor the rotor position in 60-degree
sectors provide digital data to the motor controller. Since the currents in two of the windings
are always the same size and the third is zero, this method can only produce current space
vectors that point in one of six conceivable directions. The current to the motor terminals is
electronically switched (commutated) every 60 degrees of rotation of the motor, ensuring that
the current space vector is always within 30 degrees of the quadrature direction. As a result,
each winding's current waveform is a staircase going from zero to positive current, back to
zero, and then to negative current. While a consequence, the current space vector shifts between
six distinct directions as the rotor spins, nearly resembling smooth rotation.

The three motor windings are intended to be driven by three currents that vary gradually and
sinusoidally while the motor turns using sinusoidal commutated brushless motor controllers.
The relative phases of these currents are chosen to generate a smoothly rotating current space
vector with constant amplitude and perpendicular to the rotor. As a consequence, trapezoidal
commutation's torque ripple and commutation spikes are abolished.

Smoothness of control is sometimes unattainable with trapezoidal commutation. However, it
often malfunctions at high motor speeds despite performing well at low motor speeds. This is
caused by the need of the current loop controllers to track a rising sinusoidal signal with
increasing speed. They must also overcome the motor back-EMF, which similarly becomes
stronger and more frequent as speed increases. This degradation persists as speed increases.
The phase shift of the motor current finally crosses the 90-degree line. Torque is fully removed
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when this happens. Sinusoidal commutation cannot be used to obtain speeds higher than this
because they result in negative torque.
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An electric motor transforms the electrical energy into mechanical energy. Different kinds of
motors are often used. Of them, brushless DC motors (BLDC) are particularly popular because
of their great efficiency and superb controllability. Compared to other motor types, the BLDC
motor provides benefits in terms of power savings. When confronted with the issue of creating
electrical machinery to carry out mechanical tasks, engineers may consider how electrical
impulses are transformed into energy. In order to create motion out of electrical impulses,
equipment such as actuators and motors are used. Electrical energy and mechanical energy are
converted in motors [1]-[3].

Brushless DC motors are the most basic kind of motor. In this kind of motor, electrical current
travels via coils that are positioned inside of a constant magnetic field. Each coil is pushed
away from the like pole of the fixed field and pulled toward the unlike pole by the magnetic
fields that the current creates in the coils, which causes the coil assembly to spin. It is required
to repeatedly reverse the current in order to cause the coil polarities to switch, which keeps the
coils "chasing" the opposite fixed poles and maintains spinning. The commutator's spinning
causes the current through the coils to reverse. Power to the coils is delivered by fixed
conductive brushes that come into contact with the revolving commutator. The main features
separating the brushed DC motor from other motor types are the commutator and brushes.

One of the key control elements for the Brushless DC Motor is speed (BLDCM). The previous
technique using Ziegler-Nichols (ZN) could not meet the operating requirements in the actual
applications, such as the cooler and the electric car, because of the real-time and coupling of
the BLDCM. BLDCM calls for a greater level of control accuracy as well as a more
complicated level of control. The professionals utilise an intelligent algorithm to change the
control settings in order to lessen the complexity of adjustment and increase control accuracy
when complicated control needs are present [4]-[6].

The benefits of the suggested approach are shown via tests in terms of convergence speed and
solution correctness. In this work, Jing suggested a genetic fuzzy immune PID algorithm to
obtain a consistent speed. The results demonstrated that the algorithm had a considerable
impact. Cui put out an enhanced monarch butterfly method based on differential evolution and
local search. The results of the trial demonstrated the suggested algorithm's superiority in PID
tuning. The control PID parameters of a particular robot were optimised using Yu e's suggested
enhanced PSO method. The experimental findings demonstrate that the suggested approach
works. Additionally, this study is used when discussing parameter adjustment techniques based
on other intelligent algorithms. For instance, fuzzy neural networks, particle swarm
optimization algorithms, differential evolution algorithms, and genetic algorithms (GA).

The techniques of the parameters altered based on the aforementioned clever algorithm may
successfully control the item. To achieve the demands of control precision, sophisticated
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algorithms must do several computations. Finding an intelligent algorithm with fewer
computations and more accuracy is thus very crucial. The whale algorithm's distinctive
structure and calculation approach produce the benefits of its few input parameters, reliable
calculation outcome, and quick convergence speed. By creating the speed control model,
choosing the controller's fitness function standard, and designing the controller's parameter
tuning strategy based on the Whale Optimization algorithm, the goal of reducing the total
deviation of speed control and improving the operating effect for BLDCM is achieved (WOA).

Based on the feedback signals from the Hall sensor, the conventional BLDC motor operates. It
is detailed how to operate a six-space, four-switch, three-phase BLDC motor without using
sensors. Due to the location sensing's limited resolution by nature. The speed feedback on
BLDC motors is variable sampling.

Features of the proposed system include:
(1) Free-running switching converters.
(2) Rapid transient reaction.
(3) The motor is controlled in a closed loop.
(4) Low commutation ripples, fourth.
(5) Alternating switching frequency.
(6) Dynamics of control systems with changing structures.
(7) It is precise and very effective.

Here, BLDC motors are by far the winners. With relatively little extra circuitry, they may be
utilized for accurate changeable speed control since they already contain the commutation
electronics. When compared to an induction motor with inverter electronics solution and to a
brush DC solution with changeable speed, they may provide a less costly option that also
requires no maintenance. When a three-phase power source is not available, these converters
are a great option. A further benefit is that a phase motor is more effective and cost-effective
than a single phase motor. Additionally, a three-phase motor's starting current is less severe
than a single-phase motor's. This requires a solid, effective, economical, and high-quality
conversion from single phase to three phase.

High-quality output voltage with little current and harmonics, independent of load. Using an
active power factor correction with excellent performance, sinusoidal input current may be
obtained at the single phase source terminal. The popularity of brushless direct current (BLDC)
motors is one of the motor types that is growing quickly. Appliances, automobiles, spacecraft,
consumer goods, healthcare, industrial automation equipment, and instruments are just a few
of the sectors that employ BLDC motors. A polyphase synchronous motor with a permanent
magnet rotor is a brushless DC motor.

BLDC motors are electronically commutated rather than using brushes for commutation, as the
name suggests. Compared to brushed DC motors and induction motors, BLDC motors offer
several benefits. Here are a handful of them:
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Better speed-to-torque characteristics, high dynamic responsiveness, high efficiency, long
working life, noiseless operation, and higher speed ranges are just a few of the advantages.
Additionally, because of the increased torque-to-motor-size ratio, it may be used in situations
where weight and space are important considerations.
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Stator

A BLDC motor's stator is made up of steel laminations stacked on top of one another, with
windings inserted into slots axially cut along the inner circumference (as shown in Figure 1).
The stator often looks like an induction motor's, but the way the windings are arranged differs.
Transistors are used in the solid-state inverter, thyristors for high power drives and MOSFETs
for low and medium power drives [1]-[3].

Figure 1: BLDC motor stator

The three stator windings on the majority of BLDC motors are wired in a star pattern.
Numerous coils are joined to make a winding in each of these windings. Coils are inserted into
the slots and linked together to form a winding. An even number of poles are created by
distributing each of these windings around the stator's perimeter. To create an even number of
poles, each of these windings is dispersed around the perimeter of the stator [4]-[6]. The BLDC
motor waveform is as follows. A BLDC motor's stator has a construction that is comparable to
an induction motor. It is constructed of stacked steel laminations with winding slots that are
cut axially. In comparison to a conventional induction motor, BLDC motors have somewhat
different windings. Three stator windings that are coupled in a "Y" or "star" pattern make up
the majority of BLDC motors (without a neutral point). Additionally, Trapezoidal and
Sinusoidal Motors are created depending on the stator windings' coil interconnections.

Rotor

The rotor, which may have two to eight pole pairs with alternating North (N) and South (S)
poles, is formed of a permanent magnet. The appropriate magnetic material is selected for the
rotor's construction based on the desired magnetic field density. Historically, permanent
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magnets have been created using ferrite magnets. Rare earth alloy magnets are becoming more
and more common as technology develops. Despite being less costly, ferrite magnets have a
low flux density for a given volume, which is a drawback. The alloy material, on the other
hand, has a high magnetic density per volume and allows the rotor to compress deeper while
maintaining the same torque. Additionally, compared to ferrite magnets of the same size, these
alloy magnets increase size-to-weight ratio and provide greater torque. The rare earth alloys
used in rare earth magnets include neodymium (Nd), samarium cobalt (SmCo), and
neodymium, ferrite, and boron (NdFeB).

A permanent magnet may fit within the rotor. The rotor and stator both have the same number
of poles. There is a rotor position sensor on the rotor shaft (RPS). When the controller delivers
a signal to the electronic commutator, it uses this position sensor to provide information on the
position of the shaft at any given time. The mechanical commutator DC motor's traditional
function is comparable to that of the electronic commutator (Figure 2).

Figure 2: BLDC motor rotor

Sensor hall

According to the Hall Effect Theory, if a conductor carrying an electric current is retained in a
magnetic field, the magnetic field will impose a transverse force on the moving charge carriers,
pushing them toward one side of the conductor. This is especially noticeable in a thin, flat
conductor. This magnetic force will be counteracted by a buildup of charge at the conductors'
sides, resulting in a quantifiable voltage between the two sides of the conductor. The Hall
Effect, named after E. H. Hall, who discovered it in 1879, is the existence of this detectable
transverse voltage.

In contrast to brushed DC motors, BLDC motors have electronic commutation control. The
stator windings need to be activated in a certain order in order to turn the BLDC motor.
Understanding which winding will be ignited after the energising procedure requires
knowledge about the rotor location. The stator's inbuilt Hall Effect sensors are used to
determine the position of the rotor. On the motor's non-driving end, the stator of the majority
of BLDC motors has three Hall sensors. When the N or S pole is travelling close to the Hall
sensors, the rotor magnetic poles emit a high or low signal to indicate this. The precise order
of commutation is based on the combination of these three Hall sensor readings.
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One of the windings is electrified to positive power in each commutation sequence, the second
is energised to negative power (current leaves the winding), and the third is not activated at all.
The magnetic field created by the stator coils and the permanent magnets interact to produce
torque. When these two fields are at a 90° angle to one another, the greatest torque should
happen, and as the fields move closer together, it should diminish. The rotor should move to
catch up with the stator field, which should cause the magnetic field generated by the windings
to change position in order to keep the motor operating [1]-[3]. The process of supplying
energy to the windings is known as "Six-Step Commutation.” A Hall sensor's status changes
every 60 electrical degrees of rotation. This means that a cycle of electricity is completed in
six phases. The phase current switching should be updated in synchronous at 60 electrical
degrees intervals. On the other hand, a whole mechanical rotation of the rotor may not match
one electrical cycle. The pole pairs of the rotor dictate how many electrical cycles must be
performed to accomplish a mechanical revolution. A single electrical cycle is completed for
every pair of rotor poles. Therefore, the number of electrical cycles or revolutions is equal to
the number of rotor pole pairs. By monitoring the actual speed of the motor, the speed may be
regulated in a closed loop. Calculation is made for the difference between the specified speed
and real speed. To increase the speed error and dynamically modify the PWM duty cycle, one
may utilise a proportional plus integral (P.1.) controller. Hall signals may be used to assess
speed feedback for low-cost, low-resolution speed needs [4]-[6].

You can keep track of the duration between two Hall transitions using the Controller's timer.
You can determine the motor's true speed using this count. An optical encoder that is attached
to the motor and produces two signals with a 90° phase difference may be used to measure
speeds with great precision. Both rotational direction and speed may be calculated using these
signals. One pulse per rotation is also provided by the majority of encoders as a third index
signal. Positioning apps may make advantage of this. The number of Pulses per Revolution
(PPR) for optical encoders may vary, from hundreds to thousands. In every market category,
BLDC motors are used in some capacity. BLDC motors are used in a variety of industries,
including aviation, automotive, appliances, industrial controls, and others. We may group
BLDC motor controls into three categories as a result of these:

(1) Constant load

(2) Varying loads

(3) Positioning application
Applications with constant loads

In some uses, having a variable speed is more crucial than maintaining the speed's precision at
a fixed pace. Furthermore, there are no dynamic changes in the rates of acceleration or
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deceleration. In these kinds of applications, the motor shaft and load are in direct contact. These
kinds of applications, for instance, include fans, pumps, and blowers. Low-cost, open-loop
controllers are required for these applications.

Various applications with different loads

The load on the motor changes in these applications throughout a speed range. For these
applications, high-speed control precision and strong dynamic responses can be necessary.
Compressors, washers, and dryers are examples of household appliances. Good examples of
these in the automobile industry include the control of electric vehicles, electronic steering,
engines, and fuel pumps. Centrifuges, pumps, robotic arm controls, gyroscope controls, and
other devices are only a few examples of uses in the aerospace industry. These programmes
could operate in a semi-closed loop or a fully closed loop and make use of speed feedback
devices. The controller becomes more complex as a result of these applications' employment
of sophisticated control algorithms. The cost of the whole system also goes up as a result.

Applications for positioning

This category includes the majority of applications used in the industrial and automation
sectors. Applications in this category all use some kind of power transmission, which might be
mechanical gears, timer belts, or a straightforward belt-driven system. The dynamic
responsiveness of speed and torque in these applications is significant. A frequent reversal of
rotation direction may also occur in some applications. In any of these stages, the load on the
motor might change, making the controller complicated. Nearly many of these systems run in
closed loops. Three control loops could operate concurrently: loops for controlling torque,
speed, and position. For measuring the real speed of the motor, optical encoders or synchronous
resolvers are used. Occasionally, relative position data is obtained using the same sensors. If
not, different position sensors may be utilised to get absolute locations. A excellent illustration
of this is provided by computer numerically controlled (CNC) machines. Many applications in
this area include process controls, equipment controls, and conveyer controls.

The initial individuals' fitness values were determined after a selection of m*n were made in
the specified interval. When an individual's fitness value is greater than that of its neighbours,
the move parameter is set to 0, in accordance with the early optimization criteria. Otherwise, it
is set to 1. With their neighbours serving as the central persons, the individuals K (I, j) with a
movement parameter of 0 form a subgroup. Through the later movement rules, members of the
subpopulation travel in that direction. In order to make sure that the central individual's
adaptation is always higher than that of its neighbours, the central individual of the current
subpopulation is replaced by the person with the highest value for adaptation. The computation
is completed after the number of iterations equals the maximum number of evolutionary
generations (G). At that point, the maximum adaption value of the individual is output as the
ideal person according to the peak's extraction principles.
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The rotary actuator or horizontal actuator known as a servomotor (or servo motor) enables
precise control of elongated or linear position, velocity, and acceleration. It comprises an
appropriate motor connected to a position feedback sensor. It also needs a rather complex
controller, often a special module created just for use with linear actuators. Although the word
"servomotor"” is often used to describe a motor appropriate for use in a closed-loop control
system, servomotors are not a particular sort of motor. A servomotor is a closed-loop potential
and gives that regulates its motion and ultimate position using position feedback. A signal
corresponding to the output shaft position instruction is the input to its control [1]-[3].

Servo motor

The 180° rotation servo is the Tower pro MG90S Mini Digital Servo. It is a digital servo motor
that more quickly and effectively accepts and processes PWM signals. It is outfitted with
advanced internal circuitry that offers strong holding power, excellent torque, and quick
updates in reaction to outside pressures. Many RC enthusiasts like our servos because of their
highly tuned performance and dependability. They are protected by a tight, durable plastic
container that keeps them dry and dust-free, which is a very helpful quality in RC boats,
monster trucks, and other vehicles. It has a 3-wire JR servo plug that also works with Futaba
connections [4]-[6].

Software requirements

In addition to a text editor for developing software, a message area, a text terminal, a toolbar
with buttons for frequently used operations, and several menus, the Arduino Integrated
Development Environment sometimes known as the Arduino Software (IDE), is also available.
To upload programmes and interact with them, it connects to the Arduino hardware. Open-
source software called Arduino IDE is mostly used for authoring and compiling code into
Arduino Modules. It operates on the Java Platform, which is readily accessible for operating
systems like MAC, Windows, and Linux and has built-in functions and commands that are
essential for debugging, modifying, and compiling the code in the environment.

Embedded C

The C Standards Committee created Embedded C as a collection of language extensions for
the C programming language to solve concerns of commonality across C extensions for various
embedded devices. For embedded C programming to enable improved microprocessor
functionality, nonstandard additions to the C language are often needed. The language most
often used by embedded programmers to create embedded systems is probably embedded C.
Although several prominent programming languages, like Assembly, BASIC, C++, etc., are
often used for creating embedded systems, Embedded C is still widely utilised because of its
portability, efficiency, and short development time [7]-[9].
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To address issues with current pharmaceutical dispensers, such as their lack of expandability,
inconvenience, poor dependability, and ineffective communication, we have presented the
smart medications dispenser in this project. Comparing the suggested dispenser to current drug
dispensers, there are three benefits. The medication-dispensing trays may be sequentially
connected to offer a high level of scalability, allowing a single dispenser to accommodate
several users. Remote management techniques are developed and put into practise to obtain a
high level of remote administration and to minimise management expenses and efforts. These
techniques make it easier to update the medicine schedule set up in the smart dispenser. Medical
personnel and system administrators may also remotely control system settings, embedded
applications, and operational faults. The suggested dispenser runs normally and effectively
carries out management tasks from the medicine monitoring server, according to installation
and verification results.

To increase medication adherence, utilise the smart medicine dispenser. It guards against
missing, overdosing, and underdosing. It cannot, however, stop deliberate nonadherence, such
as making a show of taking a drug or spitting it out later. We want to create further features
that use a video sensor to detect a patient's actions to confirm true compliance in future
development. We also want to expand our approach so that it can be used with other personal
health gadgets, such as activity trackers.
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