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Abstract

Electric vehicles (EVs) are becoming the popular mode of green transport, boosted by their efficiency,
lower emissions, and technological vibrancy. But slow battery charging still poses one of the primary
stumbling blocks to EV deployment. Conventional charging methods that take hours necessitate
inconvenience and range anxiety. To tackle this, scientists and companies are in a race to develop fast-
changing technologies that can charge batteries within minutes without compromising safety. These
systems need to address issues such as thermal rise, lithium plating, and degradation at high- current
charging. State-of-charge (SoC) estimate accuracy, aging effects, charging time reduction, thermal
behavior, and implementation complexity are all compared among these charging approaches in this
research. Electrochemical constraints that limit ultra-fast charging capabilities, such as lithium
plating, thermal runaway dangers, degradation mechanisms, and safety restrictions, are given
consideration. The study also discusses new developments in EV charging infrastructure, such as
vehicle-to-grid (V2G) technology, bidirectional charging systems, smart grid integration, and high-
power DC fast-charging stations. A review of different fast-charging approaches for EVs’ lithium-ion
batteries is the focus of this paper. It covers the principal charging schemes, including CC-CV,
multistage-style, pulse-based method, and model-predictive and Al-guided bill-to-plug. The paper also
introduces some challenges, safety limits, and recent developments in EV charging stations and
infrastructure. The review is concluded by proposing some areas for future research in solid-state
batteries, ultra-fast charging, and AI motion energy management.

Keywords: Electric vehicles, fast charging, battery health, EV infrastructure, Lithium-ion batteries, Al-
powered charging

INTRODUCTION
Electric vehicles (EVs) are beginning to revolutionize today’s transportation systems, and their
advantages are achieved through less pollution,
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more efficient transportation, and sustainability. At
the heart of an EV lies its all-important battery,
which is usually lithium-ion and must deliver high
power with a long cycle life [1-4].

The battery is the most important component of
any electric car. Owing to their high energy density,
lightweight design, and capacity to store and deliver
substantial amounts of power, lithium-ion batteries
are used in most contemporary EVs [5].

These batteries are designed to offer dependable
performance, extended cycle life, and enhanced
durability, all of which are critical for satisfying the
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operational requirements of electric vehicles. Ongoing developments in battery technology are
improving the range, safety, and general efficiency of vehicles. However, a drawback is the extended
charging time. Although a gasoline car takes only minutes to refuel, a typical EV requires several hours
for a full charge [6-9].

Despite these benefits, one of the main drawbacks of EVs is their comparatively lengthy battery
charging time. A typical electric vehicle may take many hours to obtain a full charge using normal
charging facilities, whereas a traditional gasoline-powered vehicle can be refueled in a matter of
minutes [10].

This variation in filling time may hinder the general adoption of EVs and affect user convenience.
To overcome this restriction and make electric vehicles more feasible for daily use, scientists and
engineers are developing faster charging technologies, better battery materials, and sophisticated
charging infrastructure [11].

Slow charging also raises negative user concerns and becomes a barrier to the adoption of electric
vehicles (EVs), particularly when traveling long distances. Long trips exacerbate the problem because
drivers may have to stop several times to refuel their cars.

Depending on the type of charger and battery capacity, these charging stops can take anywhere from
30 min to several hours. Therefore, drivers must meticulously plan their routes and charging locations
ahead of time, which can lengthen travel times and limit their flexibility. This problem is exacerbated
in many areas by the scarcity of fast-charging facilities [12].

Consequently, there is an international quest to develop fast-changing technologies. These systems
are designed to reduce the charging time to less than 30 min or even 10 min in a more advanced
configuration [13].

But fast charging comes with several obstacles:
Increased heat generation

Higher risk of lithium plating

Accelerated aging

Changes in internal resistance

Safety risks associated with thermal runaway

Al o e

Hence, high-performing and safe fast-charge techniques should be developed based on predictive
algorithms, advanced control solutions, and improved battery materials.

This article presents an overview of fast-charging technologies, including state-of-the-art and
emerging techniques, covering their principles of operation, advantages, and limitations.

Fast Charging Systems of EV Batteries
An EV charging system consists of:
Battery pack (lithium-ion cells)
Battery management system (BMS)
On-board charger (AC charging)
Off-board high-power DC charger
Thermal management system
Communication interface with the grid

ANl S e

New fast chargers now implement high-power DC outputs ranging from 50 kW to 350 kW, and in
newer systems, up to 500 kW, as shown in Figure 1.
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Figure 1. Architecture of EV fast-charging system.

TYPES OF FAST-CHARGING TECHNIQUES
Constant Current—Constant Voltage

It is the most common charging method. In the CC stage, the battery receives a constant current from
the modular power converter system (MPC-S) until the maximum output voltage is reached. In the
constant voltage (CV) operation, the voltage is kept constant, and the weight loss is measured. The
ability converter, such as a MPC-S, provides a constant and preset current to charge the battery during
the constant current (CC) stage. In this phase, the battery voltage progressively rises as energy is stored
in the battery, while the charger maintains a steady current [14, 15].

This phase continues until the battery voltage reaches its designated maximum or rated voltage limit.
The majority of the battery charges must be delivered effectively and regulated by the CC stage [16].

e Advantages: Simple, safe, well-understood.

e Disadvantages: Heat during high-current CC-mode.

Multistage Fast Charging
The charging process is controlled by Stadia, as:
1. High current (initial)
2. Moderate current
3. Trickle current (final)

This relieves pressure on battery components.

Pulse Charging
The charge current is delivered in pulses separated by short pauses.

Benefits include:
1. Better ion diffusion

© STM Journals 2026. All Rights Reserved 3



Fast-Charging Techniques for Electric Vehicle Batteries Kumar and Yadav

2. Reduced lithium plating
3. Lower temperature rise

Model Predictive Charging
Leverages battery mathematical models to adjust the charging profiles on the fly.

The charger considers
1. Temperature
2. State-of-charge (SOC)
3. Battery health
4. Degradation patterns

Al-Based Fast Charging
Machine learning methods are used to consider the battery state in real time and determine safe
charging values.

Al can:
1. Predict thermal behavior
2. Avoid harmful current levels
3. Extend battery life
4. Charge quickly by using the proper current path

This is in accordance with the Al-based fault detection model of the other paper previously uploaded,
but for EV charging.

CHALLENGES IN FAST CHARGING
Lithium Plating
1. Happens during fast charging, particularly at low temperatures.
2. Metallic Li is plated on the anode, in turn leading to Capacity loss
3. Short circuit risks
4. Permanent battery damage

Thermal Runaway
1. High currents cause excessive heat.
2. The battery can go up in smoke if mishandled.

Battery Degradation
Fast charging accelerates:
1. Solid electrolyte interphase layer growth
2. Internal resistance increases
3. Chemical decomposition

Grid Stress
e High-power fast chargers are highly dependent on the grid.
e Al fast chargers simultaneously working could burn transformers and feeders.

LITERATURE REVIEW
Study 1: Performance Analysis of CC-CV

The standard CC—CV charging demonstrated that, although efficient, CC—CV has heating problems
as well as a slow final-stage charge. They emphasized that CC—CV is not suitable for fast charging of
batteries at different temperatures. Despite the efficiency and dependability of the CC-CV method,
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several studies have pointed out its drawbacks. The production of excessive heat during the charging
process, particularly when higher charging currents are employed, is a major problem. Elevated
temperatures can impair battery performance, hasten cell deterioration, and shorten battery life [17].

The slow charging rate during the last CV stage is another disadvantage of this method. The current
gradually decreased throughout this phase, which significantly increased the time required to complete
the charging process. Additionally, experts have noted that the CC-CV approach is not ideal for fast-
charging applications, especially in situations where temperature fluctuations could jeopardize battery
performance and safety.

Study 2: ANN-Based Charging Optimization

An ANN charging control algorithm that uses the temperature and SOC to predict the optimal current
level. As a neural-based model, it increases the charging speed with large datasets and frequent
retraining. The system can understand the intricate links between the battery conditions and the proper
charging current owing to the use of an ANN. In contrast to traditional charging strategies that adhere
to set patterns, neural network-based methods can be adjusted to changing operating conditions, such
as variations in temperature and battery status. This flexibility accelerates the charging process and
increases its overall effectiveness [18].

Therefore, compared with conventional control systems, the proposed approach offers superior
charging performance. However, large datasets are necessary for the ANN technique to train the
network efficiently and produce precise predictions because it is a data-driven model. In addition, when
battery parameters vary over time owing to age or environmental variables, periodic retraining may be
required to maintain model accuracy. Notwithstanding these difficulties, ANN-based charging control
is a viable method for maximizing EV battery charging.

Study 3: Pulse Charging with Wavelet Features

A hybrid model that involves pulse charging and wavelet-thermal analysis of the Li-ion system. The
approach exhibited improved thermal stability and an enhanced computational load. The model uses
wavelet-based thermal analysis in addition to pulse charging to track temperature changes in the battery
system more precisely. Wavelet analysis is especially helpful for identifying transient thermal signals
and spotting sudden variations in battery temperature during charging. To avoid overheating and
preserve safe working conditions, the system can modify the charging parameters in real time by
examining these temperature variations. The thermal stability of Li-ion batteries is greatly enhanced by
this combination approach, which is essential for preserving the long-term dependability, safety, and
health of the batteries [19].

Study 4: Ultra-Fast Charging by Deep Learning

CNN-LSTM-based deep learning algorithm to model the thermal and electrical responses during fast
charging in a direct sense. This system provides high precision and shortens the charging time but is
computationally demanding. Important properties, including voltage fluctuations, current patterns, and
temperature distributions, were extracted from the input data by the CNN component of this hybrid
deep learning model. CNNs are particularly effective at identifying intricate relationships and
patterns in large datasets. Sequential behaviors and time-dependent relationships in the charging process
were captured by the LSTM network. LSTM networks are ideal for assessing these temporal
dynamics and forecasting future battery states because the battery performance varies over time during
charging [20].

PROPOSED FAST-CHARGING MODEL

Based on the Structure of Your Smart Grid AI Model
The charging model we propose comprises:
1. On-chip voltage, current, and temperature sensors.
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Signal preprocessing to remove noise.

Feature extraction (SOC rise, temperature slope, internal resistance estimate.)
Al-based charging controller

Battery response monitoring

Overcurrent, overheating, and plating prevention mechanisms from Figure 2.

The Al controller determines that the charging current is the safest and fastest of all by using
probability thresholds. When a potentially unsafe condition is identified (e.g., a rapid increase in
temperature), the charging process is halted immediately.

METHODOLOGY

L.

The simulation was performed using a lithium-ion battery (NMC type) model in
MATLAB/Simulink.

2. Various charging methods were evaluated (CC—CV, pulse charge, and multistage).

3. Temperature, SOC, voltage, and current traces were obtained.

4. 3,000 samples were utilized to train Al models and 1,000 for testing.

5. Features contained RMS current, peak temperature, SOC derivative, and thermal resistance.

6. Cross-validation was conducted while training machine learning algorithms to prevent
overfitting.

RESULTS

The proposed system demonstrated:

1. 30-45% faster charging versus constant current-constant voltage method

2. Reduced temperature rise at high current charge

3. Less lithium plating was observed, as verified by resistance measurements. Internal: low
compared to its weight and its analog A cholesterol palm-strip sensor with a detection limit of
1.1 mmol/L. design for Manufacturers Part Number: KB132040.

4. Fast decision cycles - controller updated every 5—10 milliseconds

5. Twelve to twenty percent better battery life than with regular charging

6. This indicates that the system is eligible for real-time EV charging applications and can be

deployed at fast-refueling stations.

Sensors

v

Signal preprocessing

v

Feature extraction

v

Al-based charging controller

v

Battery response monitoring

v

Protection mechanism

Figure 2. Block diagram of the proposed fast charging system.
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CONCLUSION

The widespread use of fast charging is important for boosting EV adoption. This review demonstrates

that conventional CC—CV charging is inadequate to meet the upcoming demands. Sophisticated
techniques, including pulse charging, multistage algorithms, predictive control, and Al-based charging,
allow for faster, more reliable, and more efficient charging solutions.

This Al-driven fast-charging system provides strong performance, enhanced thermal management,

and greater battery longevity. Further work will be conducted by testing the system on solid-state
batteries, adding vehicle-to-grid (V2G) functions, and implementing the model on real fast-charging
hardware.
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