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Abstract

Low-voltage (LV) battery systems are integral components in a variety of appli-
cations such as portable electronics, automotive electronics, renewable energy,
and non-interruptible electronics. Effective charging and early detection of
dead batteries are crucial to improve its performance, safety, and lifespan.
This research addresses the challenges associated with LV battery charging
and fault detection. The study investigates fault detection and diagnosis meth-
ods to identify issues such as cell degradation, thermal runaway, overcharging,
and short circuits. These fault detection mechanisms employ various sensing
technologies, including voltage and current monitoring, temperature sensing,
impedance spectroscopy, and machine learning-based approaches. The inte-
gration of these charging and fault detection technologies enhances the reli-
ability, safety, and overall performance of LV battery systems. This research
contributes to the development of sustainable and resilient energy solutions,
benefiting a variety of businesses and applications. It paves a way for efficient
& intelligent LV battery management systems, ensuring the continued growth
and adoption of battery-powered devices and electric vehicles in the modern
world.

Keywords: Low-voltage (LV) battery; Battery management systems; Cell degradation;
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Introduction

Concerning environmental pollution, the
association with automobiles is undeni-
able. Traditional fossil-fuel vehicles have
contributed significantly to environmen-
tal issues, including the greenhouse effect
and air pollution. Consequently, there is
a growing global shift towards embracing
new energy vehicles, particularly electric-
powered vehicles, which are poised to

become a prevailing trend in the future.
Currently, nations worldwide are actively
engaged in research and development
related to electric-powered vehicles. It
is widely recognized that effective bat-
tery management stands out as a pivotal
challenge in advancing the electric vehi-
cle industry. The need for supplemen-
tary hardware installations and the inte-
gration of Battery Management Systems
(BMS) is particularly critical in this
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endeavour. More BMS units have been incorporated, enhanc-
ing functionalities like equalization management and fault
diagnosis. A diverse range of algorithms is employed to ensure
accuracy and reliability in these estimations. In the context
of electric vehicles, the State of Charge (SOC) of batteries
holds a role akin to the fuel gauge in traditional internal com-
bustion engine vehicles. Its primary function is to commu-
nicate the current battery charge level to the driver. Simulta-
neously, it serves to prevent issues such as overcharging and
over-discharging, which can be detrimental to battery health
and safety.

In the context of Low Voltage (LV) battery systems, the
detection and management of overvoltage and overcurrent
events are critical for ensuring the safe and efficient oper-
ation of the battery. LV batteries control a wide extend of
applications, counting EVs, renewable vitality frameworks,
reinforcement control supplies and convenient gadgets. Over-
voltage and overcurrent issues can lead to battery damage,
reduced lifespan, safety hazards, and operational inefficien-
cies. Therefore, the problem at hand is to develop a robust sys-
tem for the detection and mitigation of overvoltage and over-
current conditions in LV battery systems. 1=,

Methodology

State of charge

State of Charge (SoC) is a term used to describe the
current level of charge or energy remaining in a rechargeable
battery, typically expressed as a percentage of the battery’s
total capacity. SoC provides valuable information about the
available energy in the battery at a specific point in time
and is a critical parameter in battery management and
power systems. It is used to gauge how much energy is left
for a battery-powered device or system. For example, if a
battery is at 50% SoC, it means that it currently contains
half of its full capacity, and therefore, it has approximately
half of its energy available for use. SoC can be determined
through various methods, including voltage measurements,
coulomb counting, & more advanced techniques involving
battery management systems that take into account factors
like temperature, discharge and charge rates, and the battery’s
internal resistance. Accurate SoC monitoring is essential for
efficient battery utilization, as well as for preventing over-
discharging (which is harmful for the battery) and managing
power resources effectively.

SOC = Qe x 100% = 100%7%

Q Q'

Estimation of state of charge

Several methods are used for estimating SoC:

Open-Loop Methods (Voltage-Based): These methods esti-
mate SoC without direct measurements of current. They rely
on the voltage of the battery, which can be a less accurate
method but is simple and widely used.

Voltage vs. Capacity: This method uses a voltage to -
SoC mapping based on a discharge/charge curve specific to
the battery type. It relates the battery voltage to the known
capacity at different states of charge.

Circuit Diagram

Main Circuit Diagram
ARD1

TR1
230V,AC ¢ =

TRAN2P2S

Outcomes

Detection of over voltage

Overvoltage refers to a condition where the voltage in
an electrical circuit or system exceeds its intended or
designed level. This excess voltage can be temporary or
sustained and can occur by a variety of factors such as
power surges, lightning strikes, equipment malfunctions,
or improper operation of power systems. Overvoltage can
potentially lead to damage to electronic devices, equipment,
and electrical systems, as well as pose safety risks to
individuals working with or near the affected circuits.
Protecting against overvoltage conditions is essential to make
certain the proper functioning and durability of electrical and
electronic systems.

Detection of over current

Overcurrent, in the context of electrical engineering and
circuits, is a situation where the current flowing through a
conductor or component exceeds its intended or designed
limit. This can be due to various factors, such as excessive
load, short circuits, faulty components, or other anomalies
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in an electrical system. Overcurrent can potentially lead to
equipment damage, overheating, electrical fires, and safety
hazards. To prevent these risks, protective devices like fuses,
circuit breakers, and relays are used to detect and respond to
overcurrent conditions by interrupting the flow of electricity
or taking other protective actions.

Battery Status

Battery status refers to the condition or state of a battery,
which is typically used to power electronic devices or store
electrical energy. It gives data about the battery’s current
charge level, capacity and overall status. Battery status
information is crucial for users and device management
systems to ensure that devices have sufficient power and to
monitor the condition of the battery. Battery status is essential
for users to manage the power needs of their devices and
to make informed decisions about when to charge, replace,
or maintain batteries. In many cases, modern electronic
devices and operating systems provide detailed battery status
information to ensure efficient use and prolong the life of
batteries.

Efficiency

The efficiency of low voltage batteries refers to their ability to
convert input energy during charging into stored energy and
then release that stored energy during discharge with minimal
losses. This performance is important for maximizing the per-
formance and lifespan of the battery, in addition to minimiz-
ing power waste. Efficiency is influenced by various factors
including battery chemistry, temperature, charge/discharge
rate, depth of discharge, and the presence of battery man-
agement systems. Lithium-ion batteries, for example, exhibit
higher efficiency when compared to lead-acid batteries due to
their lower internal resistance and higher energy density. To
ensure optimal efficiency, its essential to use proper charging
and discharging techniques, maintain appropriate operating
conditions, and integrate efficient battery management sys-
tems. Periodic maintenance and monitoring are necessary to
identify and address any issues that may affect efficiency over
time.

Overheating

Overheating of low voltage batteries poses significant safety
risks and can result from various factors. When a battery
operates beyond its encouraged temperature range, it could
lead to thermal runaway, a self-reinforcing reaction caus-
ing rapid heat generation and potentially resulting in fire or
explosion. Common causes include overcharging, high dis-
charge rates, external heat sources, poor ventilation, inter-
nal short circuits, overuse, and age-related degradation. Pre-
vention measures include using proper charging equipment,
avoiding high discharge rates, ensuring adequate ventilation,
inspecting batteries for damage, and implementing thermal

management systems. Minimizing the risk of overheating is
crucial for maintaining safety and prolonging battery lifespan.
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In conclusion, low-voltage (LV) battery charging, and fault
detection are crucial aspects of maintaining the reliability,
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safety, and performance of battery-powered systems. The
successful management of LV battery charging, and the early
detection of faults play a pivotal role in a wide variety of
applications, such as electric vehicles, portable electronics,
renewable energy systems, and more.
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