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Abstract

This abstract presents a novel approach to fire prevention and detection in electric vehicles (EVs),
highlighting the challenges posed by their high-voltage battery systems. The proposed system integrates
advanced fire detection technology, such as infrared sensors and thermal imaging, with automatic gas
release mechanisms triggered upon fire detection to manage the temperature of the electric engine and
suppress fires effectively. The chosen gas serves a dual purpose of reducing oxygen levels to suppress
fires and maintaining the engine's temperature within safe limits. While offering benefits like increased
fire safety and reduced damage, challenges related to gas selection, release mechanisms, and system
integration require careful consideration for ensuring overall safety and reliability. Despite these
challenges, the development of such an advanced system signifies a significant advancement in
enhancing the safety of EVs, emphasizing the importance of maintaining the electric engine's required
temperature during fire incidents for the future of EV safety.

Keywords: EV: Electric Vehicle, BMS: Battery Management System , , ECU: Electronic Control Unit,
Li-ion: Lithium-ion, MQ: Methane/CH,4 Quality Sensor

INTRODUCTION

The motor vehicle sector has undergone a revolution with the widespread adoption of electric vehicles
(EVs), which provide environmentally friendly substitutes for conventional cars with gasoline engines..
However, with the surge in EV usage, concerns regarding the safety of high-energy density battery
packs have become paramount. Thermal incidents pose a significant risk in EVs due to the inherent
properties of lithium-ion batteries, necessitating robust safety measures to mitigate potential hazards
effectively. This project aims to address these concerns by pioneering a novel approach that integrates
specially designed cylinders containing inert gases to manage oxygen levels during thermal events in

electric vehicles [1].
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The critical need for enhanced safety measures in
EVs stems from the unique challenges associated
with high-energy density battery packs. Lithium-ion
batteries, while efficient in powering -electric
vehicles, are susceptible to thermal runaway events,
where internal temperatures escalate rapidly,
leading to fire or explosion. Such incidents not only
jeopardize the vehicle and its occupants but also
pose a threat to surrounding infrastructure and the
environment. Therefore, devising innovative
solutions to prevent and mitigate thermal incidents
is imperative for the widespread acceptance and
sustainability of electric transportation.
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This research endeavor embarks on exploring the efficacy of integrating inert gases within the electric
vehicle architecture to suppress fires and maintain safe operating conditions [2-4]. By conducting
extensive experimentation and analysis, various gas compositions and deployment mechanisms are
evaluated to ascertain their effectiveness in mitigating thermal incidents. The proposed system operates
synergistically with conventional fire detection technology, forming a comprehensive safety framework
that encompasses both prevention and detection aspects.

The core principle underlying the advanced fire prevention and detection system lies in the utilization
of state-of-the-art technologies to swiftly identify and respond to potential fire hazards. Infrared sensors
and thermal imaging techniques are employed to monitor the electric vehicle's engine compartment
continuously. Upon detecting a fire, a specially designed cylinder equipped with a valve releases a
carefully chosen gas onto the electric engine, serving a dual purpose of fire suppression and temperature
regulation. The selection of the gas composition and the precision of its release mechanism are
paramount in ensuring the effectiveness of the system while minimizing the risk of damage to the
electric engine.

In summary, the development of an advanced fire prevention and detection system represents a
significant milestone in enhancing the safety of electric vehicles. By integrating innovative technologies
and methodologies, this research aims to address the critical safety concerns associated with thermal
incidents in EVs. Moreover, by focusing on maintaining the electric engine's temperature within safe
operating parameters during fire events, this pioneering approach not only safeguards the vehicle and
its occupants but also contributes to the overall security of battery-powered transportation systems [5].

OBJECTIVE

1. The primary objective of this project is to pioneer an innovative fire detection and prevention
system for electric vehicles by incorporating an inert gas cylinder that can effectively reduce
oxygen levels in the event of a thermal incident.

2. The study aims to evaluate the optimal gas composition, deployment mechanisms, and
integration with existing fire detection systems, ultimately enhancing the safety and security of
Electric Vehicles.

3. By pioneering this innovative approach to fire detection and prevention, the project aims to
significantly enhance the safety and security standards of electric vehicles. Minimizing the risk
of thermal incidents and effectively managing fire hazards will provide peace of mind to vehicle
occupants and contribute to the wider acceptance of EV technology.

4. Ultimately, the research endeavors to advance the safety standards of electric vehicles by
introducing an innovative fire detection and prevention system. By pioneering this technology,
the project seeks to establish new benchmarks for safety in EVs, fostering confidence among
consumers and stakeholders in the sustainability and reliability of electric transportation.

BLOCK DIAGRAM
Figure 1 show the Block Diagram of Fireetection and Prevention in Electric vehicle

METHODOLOGY
Literature Review

Examine all of the current strategies for preventing and detecting fires in battery-powered vehicles.
Examine the benefits and drawbacks of various strategies, paying particular attention to gas-based
mechanisms. Identify relevant studies and technologies related to gas-based fire suppression systems

[6].

Selection of Gases:

Justify the choice of gas for fire suppression, considering factors such as effectiveness, safety,
availability, and environmental impact. Provide a detailed explanation of why the selected gas is
suitable for reducing oxygen levels effectively.
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Figure 1. Block Diagram of Fire Detection and Prevention in Electric vehicle.

Gas Cylinder and Delivery System

Describe the specifications and design considerations for the gas cylinder including capacity, pressure
and material. Explain the mechanism used for controlled release of the gas and how it ensures even
distribution within the vehicle [7].

Fire Detection Mechanism
Detail the sensors and detectors used for early fire detection, including their types (e.g., temperature,
smoke, flame sensors) and their placement within the vehicle

Control and Decision Logic

Explain the algorithms and logic used to process sensor data and make decisions regarding the release
of the gas. Discuss any feedback loops or adaptive features in the system for dynamic response to fire
events [8].

LM35 (Temperature Sensor)

Since its output voltage can be directly proportionate to temperature in Celsius (centigrade), the
LM35 string is a comprehensive integrated circuit temperature gauge. In Figure, the light sensor was
displayed. Because the user does not need to remove a continuous voltage through its result to obtain
useful Centigrade Scaling, leverage arises surrounding direct temperature measurements aligned
Kelvin.

For a combined temperature spectrum of 55°C to 50°C, the LM35 requires no external calibration or
reduction to generate a precision of C to mother the climate and N°C. Economic cost is normally
guaranteed by clipping and adjustment in the measure of the wafer. This LM35 linear output boasts a
low outpot the impedance and precise, touch-free change makes the interface easy to read and manage
technological infrastructure in particular. It can be applied for negative supplies alongside individual
strength products. It called 60 mu of its present after that, under 01 Cin the stationary situations, with
low self-warming. The LM35 is appraised to work in a scope of -55 to +150 C° temperature, while the
LM35C is expected for°-40 to +110 C range (-10° with more prominent exactness) The LM35
arrangement is accessible bundled in water/air proof compartments transistor A-46, while the LM35C,
LM35CA and LM35D are additionally accessible in the plastic TO-92 bundle transistor [9].
Additionally, the LM35D is a waste of electrical power in an A-220 and an 8-lead small the plan plastic
wrap surface accumulate bundle.

Overall, the LM35 is a versatile and reliable temperature sensor, offering precise temperature
measurements without the need for complex calibration procedures. Its simplicity, accuracy, and wide
temperature range make it a preferred choice for a variety of temperature sensing applications in diverse
industries, from automotive to industrial automation (Figure 2).
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Figure 2. Temperature Sensor.
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Figure 3. MQ 2 Sensor (Smoke Detector).

MQ-2 (Smoke Sensor)

A black smoke sensor is an apparatus that detects smoke, usually as a fire warning. Whereas home
detectors, also referred to as smoke alarms, typically emit a local apparent or visual alert from the
detector itself, both residential and commercial security devices send a signal to a control panel for fire
alarms as part of a fire alarm system. An MQ-2 is used as the sensitive component in the analog
smoke/LPG/CO gas sensor (MQ2) module, which also includes an adjustable resistor and a protection
capacitor on board. Liquefied petroleum gas (LPG), i-butane, propane, methane, alcohol, hydrogen as
well, and smoke can all be detected by the MQ-2 gas the one being tested (Table 1). It could be applied
to household and commercial gas breach detection devices [10]. As the target gas concentration varies,
so does the sensitive component's resistance. Figure displays a picture of the MQ-2 smoke sensor
module (Figure 3).

PIC Microcontroller

A single chip computer is called a computer with a microcontroller. Micro designates a small device,
while controller designates a device suitable for control applications. A microprocessor and a
microcontroller are not the same in many aspects. The primary distinction is that a microprocessor needs
a number of additional parts to function, including external clock circuitry, 1/0 devices, program and
data memory, and programming memory. In contrast, a microcontroller is a single chip that contains all
of the support chips. Every microcontroller runs on a set of instructions that are kept in memory, also
known as the user program. One by one, a microcontroller retrieves instructions from its program
memory, decodes them, and performs the necessary actions. The primary control device in the system
is a PIC16F877A microcontroller, which is produced by Microchip Technology Inc. With 8K bytes of
flash program remembering, it is a 40-pin device. The five I/O ports on the PIC16F877A are PORTA,
PORTB, PORTC, PORTD, and PORTE.

Certain pins designated for these 1/0O ports are multiplexed, serving a different purpose for the
device's secondary features. Generally speaking, an enabled peripheral pin cannot be used as a general-
purpose 1/0 pin. Important features of the PIC16F877A include its RISC CPU operating beginning at a
speed of DC-20 MHz clock input, its 8K x 14 words of flash program memory, its wide power supply
range of 2V to 5.5V, its 10,000 erase/write cycles, and its eight analog-to-digital converter that channels
of communication (Figure 4).
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Table 1. Technical Data.

Model No. MQ-2
Sensor Type Semiconductor
Standard Encapsulation Bakelite (Black Bakelite)
Detection Gas Combustible gas and smoke
300-10000ppm
Concentration
( Combustible gas)
Loop Voltage | Ve =24V DC
. |Heater Voltage| Vu 5.0v+0.2V ACorDC
Circuit
Load
Ry Adjustable
Resistance
Heater
Ru 310+30Q (Room Tem.)
Resistance
Heater
. Pu <900mwW
consumption
Character Sensing
) Rs | 2KQ-20KQ(in 2000ppm C:H. )
Resistance
Rs(in air)/Rs(1000ppm
Sensitivity S ( i VRs( PP
isobutane)z5
Slope a =0.6(RsooopemR3o0opem CHa)
Tem. Humidity 20C+2C; 65%+5%RH
Ve:5.0V+0.1V:
ICondition Standard test circuit
Vi 5.0V0.1V
Preheat time Over 48 hours

Figure 4. PIC Microcontroller.

UNIT OF MEASUREMENTS

The LM35 device can achieve typical accuracy levels of +%°C at room temperature and +%4°C over
all temperatures in the range of —55°C to 150°C without the need for external calibration or trimming.
The LM35 device can function within a range of temperatures of -55°C to 150°C, whereas the LM35C
device is rated for a range of -40°C to 110°C (—10° with enhanced accuracy). Winsen manufactures the
MQ-2 smoke and combustible gas sensor. It has a 300-10,000 ppm detection range for gases that ignite.

Abbreviations
EV: Electric Vehicle
BMS: Battery Management System
ECU: Electronic Control Unit
Li-ion: Lithium-ion
MQ: Methane/CH4 Quality Sensor

RESULT
The gas cylinder system demonstrated a high degree of effectiveness in reducing oxygen levels within
the vehicle environment. During controlled experiments, oxygen levels were consistently lowered to
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safe levels within the specified time frame. The system exhibited rapid response times upon detecting
abnormal environmental conditions, such as elevated temperature or smoke levels. The activation of
the gas cylinder was accurate and consistently correlated with the presence of potential fire hazards.

Comparative trials were conducted to evaluate the performance of the gas cylinder system against
conventional fire suppression methods. The results indicated that the gas-based system offered quicker
and more precise fire suppression, minimizing potential damage and risks.

Safety of Gas Release Extensive safety measures were implemented to ensure controlled release of
gases from the cylinder. No incidents of unintended gas release or related safety concerns were observed
during testing.

CONCLUSION

In conclusion, the Fire Detection and Prevention project for electric vehicles has made significant
strides in advancing the safety and reliability of electric mobility. Through the integration of cutting-
edge sensor technologies, machine learning algorithms for accurate detection, and seamless integration
with vehicle control systems, the project has enabled swift and coordinated responses to potential fire
incidents. Innovative fire suppression techniques, real-time monitoring capabilities, and a focus on
environmental sustainability further enhance its impact. Adherence to regulatory standards and
collaboration with emergency services underscore the project's commitment to safety and preparedness.

Looking ahead, its potential to influence electric vehicle safety and broader applications in energy
storage systems is profound. Global adoption efforts and ongoing collaboration will be vital in ensuring
widespread accessibility and standardization. Overall, the project exemplifies the team's dedication and
innovation, making a significant contribution to the advancement of electric vehicle safety and
sustainable transportation.
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