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Abstract 

 
In this thesis, a capacitor semi-active hybrid energy storage system for electric vehicle 

is proposed. A DC-to-DC bi-directional converter is required to couple the 

supercapacitor to the system DC bus. 

Through literature reviews, it was decided that a dual-bridge resonant converter with 

HF transformer isolation is best suited for the hybrid energy storage application. First, a 

dual-bridge series resonant converter with capacitive output filter is proposed. Modified 

gating scheme is applied to the converter instead of the 50% duty cycle gating 

scheme. Comparing to the 50% duty cycle gating scheme where only four switches 

work in ZVS, The modified gating scheme allows all eight switches working in ZVS at 

design point with high load level, and seven switches working in ZVS under other 

conditions. Next, a dual-bridge LCL-type series resonant converter with capacitive 

output filter is proposed. Similarly, the modified gating scheme is applied to the 

converter. This converter shows further improvement in ZVS ability. Operating 

principles, design examples, simulation results and experimental results of the two 

newly proposed converters are also presented. In the last part of the thesis, a capacitor 

semi-active hybrid energy storage system is built to test if the proposed converters are 

compatible to the system. The dual-bridge LCL-type series resonant converter is 

placed in parallel to the supercapacitor. The simulation and experimental results of the 

hybrid energy storage system match closely to the theoretical waveforms. 


