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Abstract 
Electric vehicles (EVs) use rechargeable batteries as their main energy source. During charging and operation, battery cells 

generate heat. Excessive temperature can reduce battery performance, accelerate degradation and create safety concerns. This 

paper proposes an AI-based battery cooling system in which temperature sensors continuously monitor the battery condition 

and provide data to an AI/ML model. The model analyses temperature and operating trends and assists a controller in selecting 

an appropriate cooling action. A fan, pump or other thermal-management actuator can then be controlled automatically. The 

approach aims to maintain the battery in a suitable temperature range while avoiding unnecessary cooling. The concept 

combines mechanical thermal management, sensors, control and artificial intelligence to create a smarter battery thermal-

management system. 
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1. Introduction 
The rapid adoption of electric vehicles has increased the importance of reliable battery thermal management. Lithium-ion 

battery packs are sensitive to temperature, and heat is generated by electrochemical losses and internal resistance during 

charging and discharging. High temperature can affect efficiency, ageing and safety, while large temperature differences 

between cells can lead to non-uniform performance. A Battery Thermal Management System (BTMS) is therefore required to 

remove heat and maintain an appropriate operating condition. Conventional cooling systems often use fixed thresholds or 

simple control logic. An AI-based approach can additionally learn relationships between temperature, current, voltage, charging 

condition and temperature-rise rate. This makes it possible to predict cooling demand and adjust the thermal-management 

system more intelligently. 

2. Problem Statement 
Battery temperature can rise significantly during fast charging, high-power driving and heavy-load conditions. A cooling 

system that reacts only after a fixed temperature limit is reached may not use energy optimally and may not anticipate rapid 

temperature rise. The problem is therefore to develop a system that continuously observes battery thermal behaviour and 

controls cooling according to the actual and predicted condition. 

3. Objectives 
• Continuously monitor battery temperature. 

• Identify abnormal or rapidly increasing temperature conditions. 

• Use AI/ML to analyse temperature and operating data. 

• Automatically control the cooling fan or pump. 

• Improve thermal uniformity, performance and safety. 

• Reduce unnecessary operation of the cooling system. 
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4. Proposed System 
The proposed system contains a battery pack, temperature sensors, a controller, an AI/ML model and a cooling unit. Sensors 

measure temperature at selected locations in the battery pack. The controller collects the measurements along with available 

operating parameters. The AI model evaluates the current condition and estimates the required cooling level. The controller 

then adjusts the cooling actuator. 

5. Working Principle 
1. Sensing: Temperature sensors measure the battery temperature continuously. 

2. Data collection: The controller receives temperature and available battery operating data. 

3. AI analysis: The AI/ML model analyses the current temperature and its trend to estimate cooling demand. 

4. Control decision: The controller selects an appropriate cooling level based on the AI output. 

5. Cooling: A fan, pump or other cooling actuator removes heat from the battery. 

6. Feedback: New temperature measurements are fed back to the system for continuous adjustment. 

6. Role of Artificial Intelligence 
AI can be implemented as a supervised machine-learning model trained using battery operating data. Inputs may include 

temperature, current, voltage, state of charge and rate of temperature change. The model can estimate the future temperature or 

classify the cooling requirement. The controller uses this output to select low, medium or high cooling. The exact algorithm can 

be selected according to available data and computing resources; examples include decision-tree models, regression models and 

lightweight neural networks. 

7. Components Required 
• Lithium-ion battery pack 

• Temperature sensors 

• Microcontroller / embedded controller 

• AI/ML model 

• Cooling fan or liquid-cooling pump 

• Cooling plate / heat sink 

• Battery Management System (BMS) 

• Power supply and wiring 

8. Advantages 
• Automatic and continuous temperature monitoring. 

• Adaptive cooling instead of only fixed ON/OFF control. 

• Potential improvement in battery performance and useful life. 

• Better thermal safety and monitoring. 

• Potential reduction in unnecessary cooling energy. 

• Scalable for electric cars, buses, two-wheelers and stationary battery systems. 

9. Applications 
• Electric cars and SUVs 

• Electric buses and commercial vehicles 

• Electric bikes and scooters 

• Hybrid electric vehicles 

• Battery energy-storage systems 

10. Expected Results 
A prototype implementation is expected to maintain battery temperature closer to a selected operating range by changing 

cooling effort according to the thermal condition. Compared with a simple fixed-threshold strategy, the AI-assisted 

controller is intended to respond earlier to rapid temperature rise and reduce cooling when the battery is already within a 

suitable range. Actual improvement should be validated experimentally using measured temperature, cooling energy, response 

time and battery-performance data. 

11. Future Scope 
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• Real-time temperature prediction using advanced ML models. 

• Integration with cloud/IoT monitoring for fleet-level battery analysis. 

• AI-based battery State-of-Health (SOH) prediction. 

• Automatic fault and abnormal-heating detection. 

• Integration with advanced liquid-cooling systems. 

• Development of a compact embedded AI controller for production EVs. 

12. Conclusion 

The AI-Based Battery Cooling System provides a practical approach to intelligent thermal management of electric-

vehicle batteries. By combining temperature sensing, AI-based analysis and automatic cooling control, the system can respond 

to changing operating conditions instead of relying only on fixed control limits. The proposed concept is relevant to mechanical 

engineering because it combines heat transfer, cooling-system design, sensors and control. With experimental validation and 

suitable ML training data, the system can be developed into a smart thermal-management solution for future electric vehicles. 

13. Expanded Technical Discussion 

13.1 Battery Heat Generation 

Battery cells generate heat during charge and discharge because of internal resistance and electrochemical losses. The amount 

of heat depends on operating conditions such as current, voltage, state of charge and the thermal condition of the cells. As the 

load increases, thermal management becomes more important. The proposed system therefore uses continuous measurements 

rather than relying on a single periodic observation. 

13.2 Temperature Sensing and Placement 

Temperature sensors should be placed at representative and thermally critical locations in the battery pack. Multiple 

measurement points can help identify temperature differences between regions. The controller can use these measurements to 

determine whether cooling should be increased, maintained or reduced. Sensor quality, response time and reliable electrical 

connections are important for dependable operation. 

13.3 AI-Based Cooling Decision 

The AI/ML stage can use present temperature, temperature-rise rate and available electrical operating information to estimate 

cooling demand. A lightweight model is suitable for an embedded controller when computational resources are limited. A 

trained model may produce either a predicted temperature or a cooling category such as low, medium or high. The controller 

then converts that decision into an actuator command. 

13.4 Feedback Control 

The system operates as a closed-loop arrangement. After the cooling actuator changes its operating level, new temperature 

measurements are collected. The AI/controller evaluates the updated condition and makes the next decision. This repeated 

sensing, analysis, control and feedback process allows the cooling effort to follow changing battery conditions. 

13.5 Comparison with Fixed-Threshold Control 

A fixed-threshold strategy generally activates cooling when temperature crosses a predefined limit. The proposed AI-assisted 

approach can additionally consider the direction and rate of temperature change. Therefore, if temperature is rising rapidly, the 

controller may increase cooling before a fixed upper threshold is reached. When the battery is stable and within the desired 

operating range, cooling can be reduced to avoid unnecessary energy consumption. The paper proposes this behaviour as a 

design objective; quantitative superiority must be demonstrated through experiments. 

14. Proposed Experimental Methodology 

A prototype can be evaluated under controlled operating conditions such as normal driving, high-load operation and charging. 

Temperature, current, voltage, state of charge, cooling command, cooling energy and response time should be recorded. The 

AI-assisted strategy can then be compared with a simple fixed-threshold controller using the same test conditions. Useful 

evaluation metrics include maximum temperature, average temperature, temperature difference across the pack, time required 

to reduce temperature, cooling energy consumption and battery-performance indicators. 

15. Limitations and Considerations 
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The proposed paper presents a conceptual system and does not report experimental measurements or a trained model. 

Consequently, specific numerical improvements in battery life, cooling energy or temperature reduction should not be claimed 

without testing. AI performance also depends on the quality and range of training data. Sensor failure, noisy measurements, 

model uncertainty and embedded-computing limitations should be considered during implementation. Safety-related control 

should include suitable BMS protection and fallback logic so that cooling decisions do not depend solely on an AI prediction. 

16. System Implementation Flow 

Battery Pack   Temperature Sensors   Data Acquisition   AI/ML Analysis   Cooling Demand Estimation   

Controller   Fan/Pump   Heat Removal   New Temperature Measurement   Feedback 
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