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Abstract

This research work focuses on non-isolated DC-DC bidirectional converters (BDCs), which
are suitable for low, medium, and high power applications such as satellite power supplies,
battery based applications, and integration of renewable energy sources with a microgrid.
These applications operate at different voltage levels depending upon the power levels of
the applications. In all the above mentioned applications, DC buses of different voltage
levels are used to supply various types of connected loads, but, these voltage levels have
to be regulated in a stringent manner for the loads to function properly. The exchange of
power between the DC buses happens as per the loading conditions and voltage profiles. To
facilitate the exchange of power in both (i.e., forward and reverse) directions, BDCs are used
in between these dc buses.

This thesis deals with the development and analysis of non-isolated DC-DC bidirectional
topologies, improvement in their transient operations during start-up and change of direction
of power flow (mode-transition), and converter current control on the low voltage side.
Different non-isolated DC-DC bidirectional topologies are evolved to meet a wide range
of load power requirements. In this work, two different bi-directional converter topologies
have evolved, which are suitable for charging/discharging of secondary batteries: (i) a
current-current type bidirectional converter is developed for the transfer of power between
two batteries of different voltage magnitudes, and (ii) a multi-functional bidirectional
converter. This multi-functional converter effectively realizes buck, boost, non-inverting
buck-boost, and inverting buck-boost conversion processes.

These bidirectional converters need smooth start-up and mode transition, i.e. bucking
to boosting or vice-versa. In this work, two different transition techniques (i.e., an
improved PWM blocking technique and switched inductor technique) are proposed for the
current-current BDC and multi-functional BDC. One more transition technique, namely,
switched voltage source technique, is proposed for the dual active bridge (DAB) based
bidirectional converter. Apart from this, another simple-to-implement transition technique
is proposed for the conventional BDCs (i.e., synchronous buck converter and non-inverting
buck-boost converter).

Both steady-state and dynamic analyses are established for the proposed bidirectional
converters and also for the conventional bidirectional converters with output port having a

voltage source instead of a resistance. The state-space average models and switch averaging



techniques are employed to carry out the dynamic analysis of the proposed bidirectional
converters. The conditions for continuous conduction mode, discontinuous conduction
mode, and boundary conduction mode operations are identified for both, newly developed
as well as conventional BDCs, with voltage source connected at the output port.

The newly developed bidirectional converter topologies, proposed transition techniques,
proposed PWM schemes, steady-state and dynamic analyses have been validated in
simulation using MATLAB and PSIM simulation tools. Further, all these simulated results
have been verified experimentally for 1.5 kW output power in the laboratory prototype.
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