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Annex - Research Topic Options

Research Topic Options for TP-SWJTU Exchange Student 2023

1. Research Topic Summary
	Topic No.
	Research Title

	1
	Multi-stack control strategy and energy hybrid technology for air-cooled hydrogen fuel cell stacks

	2
	Development of a 6.6kw bidirectional dc-dc converter for use in battery chargers

	3
	Intelligent hot swappable battery management for enhanced energy scalable performance: design, optimization, and deployment

	4
	Cruise control and energy consumption optimization of shell eco-marathon racing car

	5
	Development of a TCM pulse analyser for palpation training and constitution analysis

	6
	Smart industrial IoT kit with configurable advanced battery temperature management system (BTMS)








2. Research Topic Details

Topic 1: Multi-stack control strategy and energy hybrid technology 
for air-cooled hydrogen fuel cell stacks
Background
In the context of the global push for green and sustainable energy, the potential of fuel cells is increasingly recognized by businesses and industries due to their high energy density and zero emissions. Hydrogen fuel cell systems, known for their energy densities of 2.5 to 3 times that of lithium batteries (450 to 500Wh/kg), offer distinct advantages, especially in high-power applications like electric vehicles and backup power systems.
Although water-cooled fuel cells are prevalent due to their heat dissipation and current density benefits, they come with additional water-cooling components, such as pumps, radiators, and pipes. Unfortunately, this increases system size, complexity, and maintenance costs.
Building upon Temasek Polytechnic’s low-power air-cooled fuel cell technology and innovative single-stack control strategy, an extension into multi-stack control and energy hybrid technology becomes imperative. This extension will facilitate a configurable and expandable power system catering to specific application requirements, ranging from tens of watts to several tens of kilowatts. 
Objectives
· Multi-stack control scheme 
To replace the water-cooled fuel cell system in high power application, a multi-stack air-cooled fuel cell control system with power hybrid scheme and corresponding hardware will be designed and setup. The advantage of the system is low complexity on the system and low maintenance requirements compared with water-cooling fuel cell system.  
· Simpler air-cooled fuel cell structure
With the multi-stack control scheme, a high-capacity battery for power backup in a single-stack system is not necessary anymore, which will simplify the system structure and decrease the system cost. All the stacks will fill the power gap due to surge power together, by this method, it reduces the burden on each stack and improves system stability.
· Multi-channel low voltage drop power delivery path
In this project, a multi-channel low voltage drop power delivery path is developed, which improves more than 10 times power efficiency on the power delivery path, more important, it solves the thermal dissipation issue on the path, especially in a high-power application.
· Protocol development for multi-stack control scheme
In this project, a complete communication protocol between single-stack controllers and multi-stack controller will be developed, which will take care of the system monitoring through multi-stack controller, demand issuing, stack-level protection and system-level protection scheme.




Topic 2: Development of a 6.6kw bidirectional DC-DC converter for use in battery chargers

Background
EV charging is currently in the hotspot worldwide due to the fast and widespread adoption of Electric vehicles (EV). In Singapore, the government target is to deploy 60,000 electric vehicle (EV) charging points by 2030 creating opportunities for local players to enter the market. An EV charger consists of a front-end AC-DC converter stage, cascade DC-DC conversion stage, E-metering, Central controller, and battery management system, NFC payment system, 4G/WiFi/Ethernet networking, cloud application, etc. The DC-DC converter is the most important yet difficult functional block due to its high power (high voltage/high current) and high-efficiency requirements, etc. 
And Bi-directional DC-DC converter allow end user beside charging the EV, they contribute cost effective green energy to Grid. 
With the missing link being the DC-DC converter block. We intends to undertake a project to address this issue together Excelpoint, Nexwah and Temasek Polytechnic, the main objective of the project is to design a modular 6.6kW DC-DC converter.
Objectives
· Convert all design files from KiCAD to Altium Designer to be more industry oriented.
· Route one version of preliminary PCB design consisting of CLLC, MOSFET drivers, MCU, and DC-DC.
· Design for Manufacture (DFM) to be performed.
· Joint testing with all project team.
Project Deliverables
Following is a complete list of all project deliverables:
	Deliverable
	Description

	Conversion of provided Design files
	To convert all design files from KiCAD to Altium Designer format including, but not limited to,  
· Schematics
· Schematics symbols and PCB footprints libraries
· Connection checks

	Complete one (1) preliminary PCB layout with provided design
	To route one (1) preliminary PCB layouts for all the PCBs in the design,
· Printed Circuit Board (PCB) layout
· DRC

	Design of Manufacture (DFM) performed on PCB layout subjected to Engineer’s best effort
	DFM activity to be carried out if required.





Topic 3: Intelligent hot swappable battery management for enhanced energy scalable performance: design, optimization, and deployment

Background
This research investigates an innovative approach to energy storage and through the design, optimization, and deployment of an intelligent hot swappable battery management system. The study focuses on developing algorithms and control strategies that enable seamless battery replacement while ensuring continuous energy supply and enhancing system scalability. By integrating real-time monitoring, predictive maintenance, and optimized swapping technology, the proposed system aims to enhance the flexibility and improve overall energy storage performance. 
Objectives
1. Thermal Management: The proposed system will include a thermal management system that can monitor and control the temperature of the battery pack. This can involve active cooling, or passive cooling, such as using fan or materials that can dissipate heat effectively. In this project, we will evaluate and verify the most cost-effective solution based on experimental data.
2. Efficient Battery Management: The battery management system needs to be designed for efficient use of the battery pack, to maximize the range of the EV and reduce the frequency of swapping. This can be achieved through advanced algorithms for battery charging and discharging, as well as real-time monitoring of battery performance and health.
3. Battery Pack Protection: The system will provide protection to the battery pack by monitoring various parameters such as temperature, voltage, and current and taking appropriate actions to prevent damage to the battery pack. For example, the system can shut down the battery pack if it detects that the temperature or voltage is outside safe limits.
4. Compatibility and Cost-Effectiveness: The hot-swappable smart lithium battery management technology will be compatible with the existing or new battery pack from different vehicle manufacturers, which helps to increase the cost-effectiveness and reduce the promotion of the product.
5. Communication Protocols and Data Logging: The proposed system will communicate with other systems in the vehicle, such as the motor controller and the charging system, to optimize the overall performance of the vehicle. Additionally, the system will transmit data through 4G network to the backend and log data about the performance of the battery pack, which can be used for diagnostics and optimization.
6. Intelligent Swapping Mechanism: Design an intelligent battery swapping mechanism that considers real-time system parameters, battery health, and energy demand. Develop algorithms to determine the optimal timing and sequence for battery replacement.
7. Predictive Maintenance Algorithms: Develop algorithms for predicting battery failures or degradation trends based on historical data and real-time monitoring. Enable proactive replacement of batteries before they significantly impact system performance.


Topic 4: Cruise Control and Energy Consumption Optimization of Shell Eco-marathon Racing Car

Background
Shell Eco-Marathon (SEM) is an annual competition sponsored by Shell, in which participants build special vehicles to achieve the highest possible fuel efficiency. Every year, there are more than 200 teams from more than 50 countries participating the event.  
Temasek Polytechnic has participated Shell Eco-marathon Asia competition since 2018 and has won 4 championships and 1 Technical Innovation Award so far.  The TP Shell Eco-car team has built two prototype and one Urban-concept car, and all of them use hydrogen fuel cell as propulsion power.  
Research Topics
The SEM competition has two types of races. The first one is mileage challenge. The car needs to finish a fixed distance using least amount of energy. As fuel cell is not energy efficient under dynamic load conditions, especially during start-up and slope negotiation. Hybrid power system is the suitable solution to solve this issue. As the rules only allow supercapacitor for hybrid system, the research topic will focus on suitable configuration of supercapacitor and fuel cell stack system to achieve better energy efficiency.
The second one is driver’s world championship race. Different from the mileage race, the car must finish a fixed distance with limited energy as fast as possible. However, the maximum speed cannot exceed 40 km/h, or the team may be disqualified. In this topic, proper sensor and algorithm will be developed to limit the maximum speed under 40 km/h, it will ease the burden of driver to watch over frequently during the race.  
The above topics may also involve data logging and telemetry technologies during testing. 


Topic 5: Development of a TCM pulse analyzer for palpation training and constitution analysis

Background
Traditional Chinese Medicine (TCM) has long relied on pulse diagnosis as a crucial diagnostic technique for assessing an individual's health and constitution. This project proposes the development of a TCM Pulse Analyzer aimed at enhancing palpation training and constitution analysis. The scope of this project encompasses the design and fabrication of flexible sensors, microfabrication processes, quality control systems, pressure control airbags, pulse identification algorithms, and a mobile application for constitution-related questionnaires.
Objectives
The primary objectives of the project are as follows:
1. Flexible sensor design and fabrication: The project aims to design flexible sensors and establish a robust microfabrication process to ensure sensor quality and consistency. These sensors will be strategically placed for wrist pulse palpation, enabling accurate data collection during palpation training and pulse analysis.
1. Pressure control Airbags: To enhance the accuracy of pulse detection, pressure control airbags will be designed and integrated into the system. These airbags will facilitate pulse detection at three distinct positions and three pressure levels for both hands, ensuring comprehensive pulse data collection.
1. Pulse identification algorithm: A sophisticated algorithm will be developed to identify and categorize typical TCM pulses. This algorithm will utilize the data collected from the sensors and pressure control airbags, enabling automated and reliable pulse diagnosis.
1. Constitution-related Questionnaires: In conjunction with the hardware components, a user-friendly mobile application will be created to administer constitution-related questionnaires. These questionnaires will provide additional insights into an individual's constitution, facilitating a holistic analysis.
1. Constitution identification algorithm: Building upon the pulse data and questionnaire responses, an algorithm will be developed to identify typical constitutions according to TCM principles. This algorithm will bridge the gap between pulse analysis and constitution classification, enhancing the overall diagnostic process.

The successful completion of this project will yield a cutting-edge TCM Pulse Analyzer that serves as a valuable tool for practitioners, students, and enthusiasts of Traditional Chinese Medicine. By incorporating advanced sensor technology, pressure control mechanisms, and intelligent algorithms, this system will revolutionize palpation training and constitution analysis, thereby contributing to the advancement of TCM diagnostic practices.
 


[bookmark: _Hlk107477510]Topic 6: Smart Industrial IoT Kit with Configurable Advanced Battery 
Temperature Management System (BTMS) 
Background
The primary objective of the project is to develop an Industrial IoT (IIoT) kit with configurable advanced BTMS for enhancing performance of Li-ion batteries of commonly used sizes in subzero temperature environments. The aim is to help battery system users alleviate their pain points of startup difficulties and poor performance in the subzero temperature conditions, by maintaining the battery temperature in optimum working range. With attainment of the desired operating temperature range, capacity loss and battery degradation could be prevented, and the life cycle of battery cells could be prolonged. Besides fulfilling the requirements of Li-ion battery pack of different sizes, the configurable advance BTMS could also be applied to other types of batteries in the cold working environments in the future.
[image: 冷却蓄电池的热管理系统。]
Figure 1. The desired operating temperature range of Li-ion battery is between 15 and 35 °C
The scopes of research include:
· Modelling and simulation of battery thermal response with Finite Element Analysis. 
· Modelling and simulation of various design and deployment of heating packs made from Carbon Nano Tube (CNT) film. 
· Heating package structural design with CAD Modelling and Additive manufacturing (i.e., number of layers of CNT sheets, enclosure, packaging).
· Performance testing of the heater (i.e., the voltage required to generate heat, rapid heating response, electrical to thermal conversion efficiency in the working environment condition such as the battery charging site and cool room).
· To set up a thermal generating and conductive model and analysis through the battery system, based on the data in testing and battery parameters.
· Fabrication of the battery system, and investigation on how to maintain its charge and discharge efficiency, and battery capacity in the working environment condition, using data from the model analysis.
· To carry out system integration and development of a suitable IoT kits with reconfigurable BTMS for battery-based forklift operations in the cool room.
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