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Abstract

The Li-lon battery is charged using a constant voltage, constant current charging
method. The solution, photovoltaic energy, is making its appearance in the EV charg-
ing infrastructure. By altering the transformer ratio, the inverter's voltage gain can be
adjusted. Instantaneous thermal gradients are altered by fast charging. The grid and
electricity quality may be impacted by EV charging. Creating a thorough and current
overview of rapid charging methods for battery-electric vehicles (BEVs) is the aim of
this study. The foundational ideas of single battery cell charging as well as existing and
upcoming charging standards are covered in this paper. Globally, battery-powered
electric vehicles are becoming more and more common. Numerous causes, such as the
need to lessen noise and air pollution and our reliance on fossil fuels, are driving this
trend. The primary disadvantage of modern electric vehicles is their short range and
the length of time needed to charge their batteries. Significant progress has been
achieved recently in using pulse charging, as opposed to continuous current and/or
voltage supply, to shorten the charging time of batteries in electric cars through inten-
sive research and development activities. The portion that needs to be concentrated
on estimating the electrical properties of the vehicle's battery is crucial for learning
about the potential driving range.
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1. Introduction

The rising cost of oil and environmental concerns have led to a noticeable surge in interest in clean car technologies including
fuel cell and electric vehicle (EV). The use of electric cars (EVs) in place of conventional vehicles (CVs) is growing in appeal.
Electric batteries, which EVs run on, require recharging from the electrical grid. Electric vehicles (EVs) are undoubtedly a
suitable link between the transportation and electricity industries. Electric vehicles (EVs) provide a sustainable way to lessen
the environmental effect of mobility and reliance on conventional energy sources because of their low energy consumption
and zero emissions. The desire for eco-friendly transportation is growing worldwide, which is why EV sales are rising quickly.
Conventional gasoline-powered cars, particularly those found in cities, greatly increase air pollution mainly from CO2 emis-
sions. Internal combustion engines (ICEs) are being effectively replaced by advanced electric vehicle (EV) technologies, such
as Fuel-Cell Electric Vehicles (FCEV), Plug-in Hybrid Electric Vehicles (PHEV), and Battery Electric Vehicles (BEV). Developing
battery technology to enable quick charging and increase battery life is the main focus of ongoing research. By 2020, ap-
proximately 5 million EVs are projected to be in use, reflecting a major rise in the mainstream acceptance of EVs [3].

The constant current (CC) and constant voltage (CV) approaches are typically used by battery chargers. Whereas CV de-
livers a mild temperature rise with a longer charging period, CC offers a higher temperature rise in a shorter amount of time.
The maximum charging current (Imax) and voltage per cell (V/Icell) limitations set by battery manufacturers prevent the con-
stant current (CC) and constant voltage (CV) methods from meeting the minimal temperature rise and 30-minute charging
time expectations of electric vehicle (EV) users. In conclusion, despite falling costs and significant performance improve-
ments, barriers like lithium-ion battery degradation during rest and cycling, charging rate limitations resulting from electro-
chemical processes, and relatively low energy density (in comparison to petroleum) still prevent EVs from being widely
adopted [4].
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Figure 1. The primary types of ac-dc power converter topologies utilized in EV battery charging systems

2. Background

It is impossible to ignore the effects of the growing number of EVs since Similar to how electric vehicle (EV) battery charging
systems were not initially intended to be handled, the current electrical power networks were not equipped to handle this

new kind of load. The task at hand involves reconstructing the electrical power grids in the most expedient, environmentally
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sustainable, and "smarter" manner feasible. Electric vehicles (EVs) are a special kind of load that offer fresh possibilities for
action as well as new challenges. The potential for numerous cars to be charged at once presents difficulties as it could over-
load the electrical infrastructure. These issues are further compounded by battery charging systems' non-sinusoidal current
usage. Among the opportunities is the fact that, if they cooperate with These parked cars have a great deal of potential to
control the grid's consumption profile by using the grid to store and distribute energy from their batteries. They can provide
voltage and frequency stability on the grid and mitigate the intermittent nature of renewable energy sources. As previously
indicated, certain cars permit their batteries to be charged using off-board systems, such as those found at public charging
stations, but the majority of cars have on-board battery charging systems. To extend the life of the charging system, which
functions as an AC-DC power circuit, adherence to the nominal characteristics of the vehicle's batteries is recommended [1,
6].

Today's EVs use a variety of Li-ion battery derivatives, several of which are still in development. In an effort to maximise
the battery's longevity, safety, and performance, researchers might choose the electrolyte, positive, and negative electrodes.
Fig. 1 depicts the normal charging procedure for a single lithium battery cell. There are two phases in the procedure. First,
the cell passes through a continuous current (CC) stage, in which the nominal cell voltage, or 4.2 V, is shown, while the volt-
age rises from 3.0 V, which denotes a depletion condition. At this moment, the cell voltage is regulated to stay constant (at
the CV stage) until the current approaches zero.[2] Increasing the current in the CC stage can save the time it takes to charge
the battery, but high currents might damage the cell permanently or shorten its lifespan. A basic analysis using a crude bat-
tery model similar to the one in Fig. 2 demonstrates that applying a larger current causes higher loss because of the internal
resistance of the battery cell. As a result, proper thermal control is necessary for fast charging in order to keep the battery's
temperature within a safe range [7].
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Figure 2. Single lithium battery cell charging process

3. Battery Charging Methodologies

When recharging EV batteries, many physical implementations and techniques are used. The battery charging strategy deals
with the kinds and amounts of currents and voltages used during charging, whereas the physical configuration of the battery
charging infrastructure deals with how energy is physically delivered to the car [8, 15].
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3.1. Constant Voltage

As the battery gets closer to full charge, a constant voltage charge progressively reduces the charging current while main-
taining the charging voltage at the ideal level appropriate for that specific kind of battery. When utilizing lower voltages, this

works well because temperature is typically not a problem, but long charge times are a worry [16], 18].

3.2. Constant Current

As the name suggests, this charging technique applies a steady current to boost the battery voltage to its maximum charge
level. Even when applied within the stated current limit, supplying a steady current to the battery can quickly lead to over-
heating and damage, reducing the battery's lifespan [14,16].

3.3. Constant Current-Constant Voltage (CC-CV)

Constant current-constant voltage charging, often known as "Voltage Controlled Charging," is a popular battery charging
technology. This method involves the charger running continuously until the battery reaches a certain voltage. At that point,
the voltage is held constant and the current keeps decreasing until the battery is fully charged. The conventional approach to
battery charging, shown in Figure 4, has limitations when it comes to fast-charging applications because cell polarization be-
comes a problem. As expected, the CC-CV technique has been further improved to incorporate numerous phases of constant
current, which accelerates the rate at which batteries charge [15-17].
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Figure 3. Constant current-constant voltage battery charging

3.4. Pulse charging

With pulse charging, the battery receives current pulses that are designed to maximize the charging duration while taking

Journal of Informatics Electrical and Electronics @

a Engineering (JIEEE) N\ 4
AZZJournaIs%\Z—q

ISSN (Online) : 2582-7006



G. A. Sawant et al.

polarisation, battery temperature, SoC, and changeable battery impedance into account. The ions are able to permeate
through the electrode materials during the rest interval of each pulse cycle, improving the charging process' efficiency [13,
15].

3.5. Negative Pulse Charging

Negative pulse charging strategies are used to apply modest discharges to the battery during the pulse charging rest interval.
These methods, which were originally created to improve the performance of lead-acid battery charging converters, have
now been modified for use with lithium-ion batteries. The negative impulse serves to minimize the cell's temperature rise
and reduces tensions inside the cell. Because the negative pulse draws very little energy, circuit topologies that can recover
the energy from the battery have been developed. High currents may be continuously delivered to the battery, allowing for a
faster charging rate and shorter charging time, by periodically depolarizing the cell. This technique can greatly extend the

battery's life and aid in its internal chemical reactions [18].

4. Ultra fast charging and future scope

A number of new technologies have the potential to make owning and operating emission-free cars easier. The days of wor-
rying about "range anxiety" and "long charging times" are quickly coming to an end with wireless power available and battery
packs that can last up to 500 miles between charges, which just take a few seconds.

We are about to witness a revolution in batteries. Electric vehicle manufacturers are aware that Americans want more
range and faster charging times in order for EVs to be in every garage. They know about the restrictions on lithium-ion bat-
teries, which are used in modern electric cars. A vulnerability affecting battery packs has been found to be impeding the de-
velopment of operating systems and computer circuits that use less energy. Using carbon fiber as the negative electrode and
lithium iron phosphate as the positive electrode is the suggested solution. This would provide batteries with remarkable
stiffness and rigidity that may be used as structural components [8, 9, 17].

A business called Graphenano is working on a graphene battery that will reportedly be able to travel 500 miles before
needing to be recharged in a matter of minutes. These batteries will charge and discharge 33 times quicker than lithium-ion
batteries, according to the maker [9].

Recently, a single battery charge allowed an experimental car to go 1,100 kilometers. Aluminium-air battery technology,
which replenishes the cathode of an electric vehicle using ambient air oxygen, made this accomplishment possible. By using
this technique, the batteries become much lighter than lithium-ion batteries that are loaded with liquid, which increases the

vehicle's range [4, 17, 18].

5. Conclusions

This paper reviewed current fast charging technologies, discussed problems with fast charging, such as restrictions and ef-
fects on battery systems' ability to handle heat, offered remedies, and suggested new direction for future research. The
world will not be able to survive on petroleum-based transportation in the coming decades, so cutting-edge technologies are
required to transition to electric transportation that is sustainable. One of the main issues with EVs is their slow charging
times. To be widely accepted by consumers, the time needed for recharging must be comparable to the amount of time
needed to fill up the gas tank of an ICEV. In order to promote a greater uptake of electric cars and facilitate the shift to a
more sustainable energy future, improvements and standardizations are essential. Future developments in electric car
charging will primarily focus on contactless charging, rapid charging, using sustainable or renewable energy sources, and in-
vestigating vehicle-to-home or grid-to-vehicle capabilities. When commercializing electric vehicles, rapid pulse charging is
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essential to reducing charging times to a manageable level. A fast-charged battery can overheat, weaken performance, and
cause damage to the battery; deep discharge, on the other hand, is the root cause of permanent damage. The Battery Man-
agement System (BMS) helps to improve battery life, lower damage rate, and optimize capacity, efficacy, durability, and reli-
ability in battery stacks.
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