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The thesis presents stability analysis of hydrogen powered electric bicycle
system affected by constant power loads. The brushless DC motor and its drive
behave as a constant power load which can cause system instability. Therefore, the
study on the stability of such system is necessary and important in order to avoid
operating conditions that may lead to instability. The study begins with the derivation
of a simplified hydrogen fuel cell model based on data approximation from the
manufacturer’s documentation. After that, a mathematical model of a bidirectional
DC-DC converter with cascaded PI controllers is derived. The controller is designed to
regulate and maintain the output voltage of the fuel cell at a constant level in
accordance with ISO 21780:2020 standards. The generalized state-space averaging
method is used to obtain a time-invariant model of the considered electric bicycle
system which is suitable for stability studies. Next, the system stability is analyzed
using the derived mathematical model together with eigenvalue theory to predict the
system unstable point. In addition, the effects of variations in system parameters on
stability are also investigated in order to provide design guidelines for engineers. To
verify the theoretical analysis and confirm all stability analysis results, the intensive
simulations are carried out using MATLAB/SIMULINK. The hardware-in-the-loop (HIL)
is also performed using the TMDSDOCK28335 microcontroller board together with



MATLAB/SIMULINK. The results show that the theoretical stability analysis, simulations,
and HIL are consistent. Consequently, the knowledge, assumptions, and methods
presented in the thesis are proven to be accurate, reliable, and applicable in practical

applications.
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