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ABSTRACT

This thesis investigates the topological evolution of three different fifth-order topologies
belonging to a class of boost family exhibiting identical voltage gain. The exhaustive studies are
made on the existing fourth-order boost topologies and an attempt is made to evolve fifth-order
boost topologies exhibiting identical voltage gain features. With this objective, an additional
capacitor-diode cell (CD-cell) is integrated into the fourth-order topologies such that the resultant
topologies yield an enhanced voltage gain together with minimal current ripples on either side of
the evolved topologies. An exhaustive steady-state and time-domain analysis is established to
identify the proposed CD-cell based fifth-order topologies performance features. Enhanced
voltage gain features and other steady-state performance aspects of the three proposed topologies
are verified through experimental investigations.

To perform the controller designs, an extensive small-signal analysis is established for the
three topologies evolved in this thesis. Firstly, the state-space models are formulated and then
various transfer functions characterizing the dynamic performance aspects of the three topologies
are established. Through this analysis it is also identified that the topologies exhibit minimum
and non-minimum phase behaviors. Upon topological evolution and transfer function analysis of
the proposed topologies, the controller design aspects are investigated for reliable closed-loop
stabilization. A proportional-integral-lead controller (with complex conjugate zeros) belonging to
the family of the PID controller is adopted for the closed-loop operation of the proposed
topologies. The time and frequency domain specifications are enforced in the controller design
methods. To ensure pre-specified closed-loop specifications, the degree of freedom associated
with complex conjugate zeros damping adjustment is exercised. In all these controller design
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methods, the closed-loop dominant pole placement approach is utilized. In the first design
method, the phase margin is used as a constraint to ensure the desired closed-loop stability along
with meeting the transient performance requirements. In the second controller design method,
the dominance factor criterion is used along with the dominant pole placement technique.

The controllers designed based on dominant pole placement methodology are successful in
the closed-loop stabilization of proposed topologies but there is no guarantee that they are
sufficiently robust against fluctuations in supply voltage or even under parameter variations. This
IS because these design methodologies are plant-specific which depends on the operating point.
In order to deal with converter parameter variations and fluctuations in the line voltage/load, the
controllers are designed after accounting the robustness issues. In this thesis, a contoured robust
controller Bode diagram methodology is adopted to design the robust controller. Performance
and uncertainty weight functions are defined and later a step-by-step controller design procedure
is established. The robustness of the controllers is demonstrated for the three proposed topologies
experimentally. Finally, the performance comparison among the proposed topologies is brought

out to identify the topology selection for the given specifications.
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