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Topic 1: Fuel cell technology for transportation electrification 
Abstract: 

This lecture focuses mainly on the proton exchange membrane (PEM) fuel cell technology which has 

been used specially in transport applications. The PEM fuel cell fundamentals, such as its physics, 

structure, power characteristics, efficiency, will be presented and discussed. The fuel cell system with 

its key ancillary components, such as air compressor, hydrogen tank, power converter, will also be 

introduced. Different powertrain configurations with fuel cells in transport applications will be 

discussed and shown with real examples around the world. An emphasis on the fuel cell economic 

aspects and a short introduction to hydrogen economy will be given at last. 

Topic 2: Real time simulation challenges for modern power electronic 

systems 
Abstract: 

In this lecture, a general introduction of real time simulation technology for modern power systems 

and its challenges are firstly given. State-of-art modeling approaches for power electronic switches, as 

well as electric network formulations of power electronic systems are then presented. Their 

advantages and drawbacks are discussed with commercial examples. The main hardware 

implementation platforms (CPU and FPGA) for real time simulation models are also compared. At last, 

an example about how to implement a Floating Interleaved Boost Converter model in real time 

simulation platform for controller Hardware-in-the-Loop application is provided using the previously 

presented techniques. 

Topic 3: Hardware-in-the-Loop solver techniques for proton exchange 

membrane fuel cell models 
Abstract: 

This lecture focuses on the key techniques of developing and implementing PEM fuel cell models for 

real time Hardware-in-the-Loop applications. After a short introduction of current Hardware-in-the-

Loop technology, the fuel cell model structure, as well as the physical phenomena inside of fuel cell 

will be analyzed in the context of real time simulation. The key factors, such as real time model 

accuracy, efficiency, and stability, will be presented and discussed in detail. Several applied methods 

to convert a conventional fuel cell model to a real time one will be introduced. At last, a fuel cell 

emulator design for Hardware-in-the-Loop applications will be presented with its industry applications. 
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