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ABSTRACT

This research explored the Proton Exchange Membrane, (PEM) Hydrogen fuel cell motorcycle control system dynamic simulation

and analysis methodologies. Hardware-in-the-Loop (HIL) and Model to Chip technology were applied to simulate and analyze the

dynamic system response of the fuzzy power distribution controller of the fuel cell motorcycle. Proper design of the fuel cell

motorcycle controller can integrate the electric energy storage power control system, motor and alternator control system, and the

electronic transmission control system. With the data from sensors of each individual subsystem collected, fuel cell motorcycle

controller has to achieve the performance specifications under the motorcycle driving design requirements. Controller design

parameters can then be evaluated and analyzed according to different motorcycle operating conditions driving performance. The

dynamic performance model of the fuel cell motorcycle was developed and used to revise the parameter of fuzzy power distribution

controller to reach the necessarily performance under the model-based control environment. After the optimized parameters were

found, the fuzzy controller was then separated from the simulation of the model-based simulation of the fuel cell motorcycle system.

Fuzzy controller parameters were embedded into a microprocessor by Model to Chip technology based on the Motorola MC68376

chip platform, and tested under HIL with fuel cell motorcycle dynamic simulation model. The fuel cell model development in this

study had been tested and verified, which was proved to be effectively simulating the fuel cell output voltage and transient

characteristic of the single cell and stacks. The optimized model parameters were searched by using fractional factorial analysis of

Experimental Design Method (DOE). This study also compared the performance of pure PEM and Hybrid PEM motorcycle

performance, the energy consumption of different fuel cell motorcycle were estimated, from the simulation result, the hybrid energy

system which has the small power fuel cell and an auxiliary battery get better performance. From the HIL simulation of the dynamic

response under different driver handlebar electric switches opening conditions, simulation was observed to have reasonable result

thus validated the real-time control ability and feasibility of HIL technology. Result showed reasonable trend for HIL simulation in

the forward fuel cell motorcycle powertrain simulation and can be referenced for future rapid prototyping development. The

methodologies development can thus reduce the trial and error development schedule and expanses for fuel cell motorcycle

controller.
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