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This thesis presents an investigation of the suitable modulation strategies of a dual active bridge
(DAB) dc—dc converter based on the theoretical analysis and the experiments for a battery energy
storage system (BESS) in an integrated system of the BESS with renewable energies which have

wide voltage variations and wide operating ranges.

Chapter 1 presents the global trend of electrical energy and the background of the integrated system
of the BESS with the renewable energies. In this study, the DAB dc—dc converter is chosen for the
BESS because of its soft-switching, bidirectional power, and buck/boost capabilities. The challenges

of the DAB converter operation are highlighted as the purpose of this research.

Chapter 2 investigates the suitable modulation strategies of the DAB converter for the BESS which
has a large voltage variation and a wide operational range. The previously proposed modulation
strategies were surveyed. Phase shift modulation (PSM) was not suitable due to high circulating
current and a limited soft-switching range. Combined modulation strategies such as composite
scheme (CS), closed form solution (CFS), and unified triple phase shift (UTPS) have lower
circulating current and a wider soft-switching range. However, one degree of freedom is neglected in
the CS algorithm. The CFS algorithm needs extensive online/offline calculations. In the UTPS
algorithm, the bidirectional capability is not possible. To solve these issues, single pulse-width
modulation (SPWM) and dual pulse-width modulation (DPWM) are analyzed with a lossless DAB
converter model. Based on the analysis, combined pulse-width modulation (CPWM) is proposed as a
new modulation strategy. The CPWM operation was experimented with the first prototype in the
large voltage variation and the wide power transfer. From the experimental results, the efficiency of
CPWM at the low power transfer (£0.6 kW) was more than 6% higher than that of PSM. From these,
the superiority of CPWM for the BESS to PSM was verified.



Chapter 3 investigates the DPWM strategy of the DAB converter with parasitic capacitances of the
switching devices. CPWM has hard-switching operation in the low power range (the DPWM
operation range) due to the parasitic capacitances of the switching devices and the dead time effect.
During hard-switching, the switching devices have high switching losses and parasitic losses
especially in high switching frequency operation. These losses can be reduced with zero voltage
switching (ZVS) operation. The ZVS is dependent on the parasitic capacitances of the switching
devices, the leakage inductance of the transformer, and the dead time. DPWM is analyzed in detail
with these factors. Based on the analysis, tunable DPWM (TDPWM) is proposed as a new
modulation strategy. TDPWM was experimented with the second prototype in large voltage
variation conditions. The experimental results verified TDPWM operated in the ZVS, and the
efficiency of TDPWM at the low power transfer (£0.2 kW) was more than 3% higher than that of
DPWM.

Chapter 4 concludes the presented work and provides an outlook regarding future research.
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