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ABSTRACT—

As electric vehicles (EVs) continue to gain prominence in the automotive industry, ensuring their thermal safety becomes paramount. The unique characteristics of
electric propulsion systems necessitate robust thermal management strategies to maintain optimal performance and safeguard against potential hazards. This abstract
delves into the design and implementation of a comprehensive thermal safety system tailored specifically for electric vehicles. The thermal safety system for EVs
encompasses several key components and functionalities. Firstly, an advanced thermal monitoring and control system continuously assesses the temperature levels
of critical components such as the battery pack, power electronics, and electric motors. Utilizing a network of sensors and sophisticated algorithms, this system
regulates thermal conditions in real-time to prevent overheating and mitigate thermal runaway risks. The relay here acts as a fuse and systems major components
are W1209 Digital Temperature Controller Module, Temperature sensor, Two channel Relay Module, Buzzer,12 Volts DC Fan, Lithium-ion Cells 18650,
Aluminum Heat Sink, LED Strip, ON/OFF Switch, Connecting Wires as an external source and temperature display relay module. Overall, the thermal safety
system outlined herein offers a comprehensive approach to mitigating thermal-related risks in electric vehicles. By combining advanced monitoring, proactive
management, and predictive analytics, EV manufacturers can enhance safety standards, improve reliability, and instill confidence among consumers regarding the
thermal performance of electric vehicles in varying operating conditions.

I. INTRODUCTION

The rapid adoption of electric vehicles (EVs) necessitates advancements in ensuring their safety and optimal performance. A critical element in achieving
this goal lies in effectively managing the thermal behavior of EV batteries. This research area has garnered significant attention, as evidenced by the
plethora of studies exploring various aspects of battery thermal safety systems.

This paper provides a systematic review of the current research landscape in EV battery thermal safety systems, drawing upon key findings from prominent
publications. We begin by highlighting the significance of maintaining optimal battery temperatures, as emphasized by [1] (Maiorino et al.). Their work
underlines the positive impact of thermal management on both battery performance and safety. We then delve into specific thermal management
techniques, exploring both passive and active cooling methods as discussed in [1] and [5] (Olabi).Furthermore, the crucial role of integrating real- time
temperature monitoring and fire protection systems within the battery management system (BMS) is addressed, drawing reference from [2] (Pavan Kumar
et al.). We will also explore the importance of understanding battery failure modes through abuse testing, as presented in [3] (Abbott et al.). This approach
facilitates the development of tailored safety systems.The review continues by examining the role of BMS technology, as discussed in [4] (Habib et al.).
Their work sheds light on the challenges and advancements in BMS design, emphasizing the need for holistic approaches and advanced control algorithms
for optimal battery health management.

Finally, explore future research directions for EV battery thermal safety systems, drawing upon insights from [6] (Shichun Yang, Jiayuan Lin). This
futuristic perspective will be complemented by practical design considerations, such as optimizing airflow patterns within the battery pack for improved
thermal performance, as demonstrated in [7] (Zhang et al.).

As emphasized by Sonali Goel [8], batteries need to undergo stringent testing to ensure they can withstand harsh conditions like extreme temperatures,
vibration, and even water immersion.

Durgam et al. [9] focus on selecting the right materials for the thermal management system (TMS) to effectively transfer heat away from the battery pack
and prevent overheating.

This paper aims to provide a comprehensive understanding of the current state of knowledge and future directions in EV battery thermal safety systems.
This understanding can pave the way for the development of robust and efficient thermal management solutions, ultimately contributing to safer and more
reliable electric vehicles.
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Figure 1: Prototype image of Thermal Safety System for Electric Vehicles.

Il. PROPOSED STUDY

Thermal Safety System for Electric Vehicles typically includes:

1. System Design: Developing a comprehensive design for the thermal management system, considering the layout and integration of components such
as sensors, battery, cooling elements, and control panels.

N

. Component Selection: Choosing suitable sensors for temperature monitoring, actuators for cooling for efficient regulation of thermal conditions within
critical components like batteries, motors, and power electronics.

w

. Temperature Monitoring: Implementing sensors to continuously monitor temperatures within key components, providing real-time data for the control
system to assess and respond to thermal conditions.

>~

Thermal Regulation Strategies: Designing control strategies to regulate component temperatures within safe operating ranges. This may involve
activating cooling systems (fans) as needed.

o

. Battery Thermal Management: Developing specialized strategies for managing battery temperature, such as thermal insulation, active cooling and
thermal runaway prevention mechanisms to ensure optimal performance and safety.

[o2]

. Integration with Vehicle Systems: Integrating the thermal management system with other vehicle systems, such as the powertrain and onboard
diagnostics, to enable seamless operation and communication for effective temperature control.

-

. Fire Safety Protection: Implementing safety protocols to respond to critical temperature thresholds, including emergency shutdown procedures,
thermal runaway prevention, and fire suppression systems to mitigate thermal hazards.

I11. METHODOLOGY

1. Thermal Analysis:

The thermal analysis process involves not only static simulations but dynamic assessments that consider the transient nature of heat generation and
dissipation. Engineers leverage intricate models that simulate the thermal behavior over time, accounting for variables such as acceleration patterns, and
varying environmental conditions. These simulations help in understanding how thermal loads evolve during different driving scenarios, enabling a
nuanced approach to thermal management.

2. Component Selection:

The selection of components goes beyond just technical specifications. Engineers take into account factors such as the weight, size, and cost of each
component. They explore cutting-edge materials with superior thermal properties for components like heat sinks, considering advancements in
nanotechnology and composite materials. The choice of sensors may involve technologies like infrared thermography for non-intrusive and
comprehensive temperature monitoring.

3. Temperature Monitoring:

Temperature monitoring is not limited to discrete sensors but may involve the integration of advanced sensor arrays and distributed sensing technologies.
The data collected from these sensors is not only used for immediate thermal control but is also archived for long-term analysis. Machine learning
algorithms may be employed to detect patterns and predict potential thermal issues before they arise, contributing to a predictive maintenance strategy.

4. Cooling System Design:
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The design of the cooling system is a multidisciplinary task that integrates principles from fluid dynamics, thermodynamics, and materials science.
Engineers explore innovative cooling solutions such as phase-change materials for latent heat storage, which can provide extended thermal buffering.
Additionally, the cooling system design considers the potential integration of smart materials that can dynamically adjust their thermal conductivity based
on the current operating conditions.

5. Thermal Management Control:

The control system is not static but adaptive, capable of learning and adjusting to the electric vehicle's usage patterns over time. It may integrate machine
learning algorithms that optimize the balance between cooling efficiency and energy consumption. Furthermore, the control system may incorporate
predictive analytics, considering upcoming driving conditions to proactively adjust thermal management strategies, enhancing both efficiency and safety.

6. Safety Protocols:

Safety protocols are not only reactive but also preventative. In addition to emergency shutdown procedures, the electric vehicle's software may implement
preemptive measures based on early warning signs detected through the continuous monitoring of the thermal system. These protocols may involve
adjusting charging rates, advising the driver on optimal parking conditions, or even suggesting modifications to driving behavior to mitigate potential
thermal risks.

7. Adaptive Energy Management:

The thermal safety system collaborates with the energy management system to optimize power distribution based on thermal conditions. For instance,
during high-temperature scenarios, the system may prioritize cooling the battery pack over providing maximum power to the motor, ensuring the longevity
and safety of critical components. This adaptive energy management contributes to a dynamic and responsive electric vehicle operation.

8. User Interface Feedback:

A user-friendly interface is designed to provide feedback to the driver regarding the thermal conditions of the vehicle. This may include intuitive dashboard
displays, warnings, and notifications that inform the driver about the current state of the thermal safety system. Providing clear information empowers
the driver to make informed decisions, such as adjusting driving behavior or taking preventive measures in response to thermal warnings.

Method IAdvantages

IAir cooling ® Itis economical.

® It requires less space because it has fewer components.
® It has a low-cost of maintenance and installation.

® It is compatible with

different batteries without issues like leakage of liquid.

Table 1: Advantages of air cooling method

-40°C 15% 35% 90~120%C

Figure 2: Temperature range of lithium-ion battery

IV. RESULT

Air Flow System Important Findings Configuration

Parallel Air cooled system 1) Flow of Air.
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Battery type 2) Heat flow

Cylindrical Lithium 3) Heat Dissipation through Lithium ion Battery.
Battery 4) Maximum heating area

Type of Study

Simulation in Ansys Software

Table 2: Findings through Simulation
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Figure 3: Temperature —Time Graph (Experimental)

Temperature Set Remark

TO (default ) (room temp) 0 0 default system
T1(41°C) 11.84 14.32 fan on

T2 (50°C) 19.89 24.05 alarming

T3 (60°C) 33.32 40.19 shut down

T4 (below 60°C) 44.77 51.28 re-supply of power
T5 (below 40°C) 79 85.51 fan off

Table 3 : Experimental Result of Thermal Safety System for Electric vehicles

V. DISCUSSION
®  Temperature: Determining safe operating temperatures and defining critical thresholds are essential for implementing effective safety
measures.

e  Response Time: This system quickly detects temperature deviations and responds to mitigate risks by turning on the cooling system and
then if the temperature rises beyond threshold temperature then it cuts off the connection between every single component of the battery
and vehicle electrical connections.

®  Accuracy: Ensuring precise temperature measurement and control to prevent false alarms or failures as our temperature sensor shows the
correct temperature of the battery.

e  User Friendly: The system does not require any sort of command; it gets activated automatically as it detects the limit temperature.
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e Integration: Compatibility with existing BMS (Battery Management System) and seamless integration into the overall system. Our system
can be installed in any battery with its existing BMS.

®  Power Consumption: This system uses almost negligible amount of power so doesn't affect efficiency.

e  Durability: This system has very less risk of failure and will last long.

VI. CONCLUSION

The burgeoning landscape of energy storage and electrification hinges on a critical component: the thermal safety system for batteries. Far from being an
optional extra, these systems are the cornerstone of safe and efficient operation in battery-powered devices across diverse applications.

The core function of a thermal safety system lies in preventing thermal runaway — a catastrophic chain reaction within a battery leading to fire and
explosion. By constantly monitoring and regulating battery temperature, the system acts as a vigilant guardian, averting overheating and safeguarding
users and equipment. This proactive approach translates to enhanced safety in various industries, fostering user confidence and minimizing the risk of
accidents.

Beyond safety, thermal safety systems significantly impact battery longevity and performance. Their meticulous temperature control minimizes thermal
stress, a major contributor to battery degradation. By maintaining optimal operating conditions, these systems extend battery life and optimize energy
delivery. This not only enhances the performance of battery-powered devices but also contributes to broader sustainability goals through efficient energy
conservation.

Another valuable feature is the early warning capability embedded within thermal safety systems. By detecting and responding to temperature fluctuations,
the system provides crucial insights. This allows users to take preventive measures before critical situations arise, minimizing downtime and repair costs,
particularly in high-stakes applications like electric vehicles. In the realm of electric mobility, where battery reliability is paramount, thermal safety
systems become essential allies, ensuring seamless and uninterrupted operation.

The adherence to stringent safety regulations is another key facet of thermal safety systems. In an era of rigorous safety standards, these systems provide
an additional layer of assurance. Whether in automotive applications or grid energy storage systems, thermal safety systems guarantee compliance with
safety protocols, protecting users, manufacturers, and operators.

In conclusion, thermal safety systems are not just auxiliary features; they are fundamental and indispensable components for modern energy storage and
electrification solutions. Their multifaceted benefits, encompassing safety, longevity, performance, and regulatory compliance, underscore their pivotal
role. As industries and consumers increasingly embrace battery-powered technologies, robust thermal safety systems become the linchpin for a reliable,
long-lasting, and safe battery future, paving the way for a sustainable and electrified world.
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