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ABSTRACT

In this thesis, power management aspects of non-isolated two-input integrated dc-dc
converters are investigated. The two integrated converters considered for the investigation are:
(i) two-input fourth-order integrated converter, and (ii) two-input sixth-order integrated
converter. From voltage conversion point of view, both these converters belongs to a class of
buck or buck-boost type of conversion. Both these topologies are capable of drawing power from
two different input dc-sources and feeding to a common load. Though these integrated converters
are able to achieve desired voltage conversion ratios along with feasible load power management
with reduced number components, but stability and robustness related issues are more prominent
(i.e. control-loops are more than one) if multi-loop control strategies are adopted in the load
management. These issues primarily arise due to the integrated structure of the converter and
transfer of power to load which is drawn from multiple sources has to flow through common
energy storage elements. Since some portion of the integrated converter is common to both
sources, the dynamical interactions arise due to the rate at which power is drawn from different
sources, and the rate at which energy is stored and released in various sections of the circuit by
the inductive and capacitive elements. Hence, design and development of suitable multi-variable
control strategies for two-input integrated dc-dc converters are investigated in this thesis.

In order to address the stability and robustness issues in the two-input integrated converters
as discussed above, firstly the cause of interactions is identified and thereafter interaction
quantification methods are adopted to explore the degree of interactions among the control-
loops and their quantification. On the basis of this quantification, pairing between the controlling
input and the controlled output variables is formulated. Further, this study also revealed that for

the integrated converter systems under investigation, two control-loops are sufficient enough to



ensure feasible power management which are: load voltage regulation loop and source current
regulation loop.

Two different control strategies are investigated in this thesis to achieve reliable power
conversion with two-input integrated converters, which are: (i) decentralized control strategy
with two diagonal controllers, and (ii) centralized control strategy with full-order controller. For
the decentralized controller design, firstly an effective transfer function method is extended. In
the process of design, it has been identified that through this method, the final resulting
controller accuracy depends on the plant interactions and how effectively they are included in the
diagonal non-interactive transfer functions. To overcome these limitations, stability boundary
locus based stabilizing regions are generated for the decentralized controller parameters. Though
this methodology is a bit complex but the final design guarantees feasible controller parameter
region which will ensure the closed-loop system with desired stability/ robustness range.

Though the decentralized control strategy is simple to implement but the control-loop
dynamic performance may not be sufficient and it depends on the operating point dependent
plant interactions. In an attempt to enhance the control-loop performance and to achieve feasible

power management of integrated converters, an H_loopshaping based centralized (full-order)

controller is designed. This methodology is a combination of the classical loopshaping along

with H, robust stabilization and hence it is possible to ensure both stability and robustness of the

integrated converter systems.

Both the controllers introduced above (decentralized and centralized controller) ensures the
integrated converters stabilization but exhibits differences in terms of performance due to the
presence of interactions within the integrated converters. To ascertain these performance aspects

of integrated converters, the stability and robustness issues are addressed in this thesis by

vi



introducing a singular value analysis. The p-plots of integrated converters for different operating
conditions pertaining to nominal performance, robust stability and robust performance are
generated for both the decentralized and centralized controllers. For all these cases, the ISE
performance indices are also computed. These singular value analysis investigations revealed
that the TIFOI converter along with centralized converter yields not only the robust performance
feature but also exhibits better dynamic performance. The decentralized and centralized
controllers effectiveness is demonstrated through simulations. Sample experimental results are

presented to validate the design and analysis.

The main contributions of this thesis are: (i) To ensure reliable power management in the
integrated dc-dc converter by using an appropriate control strategy, an extensive mathematical
analysis is established by means of which pairing and control-loop interactions prevailing within
the integrated converters are identified, (ii) many hidden issues prevailing in the integrated
converters are identified using the multi-variable control theory which arise due to the presence
of common energy storage elements. With the aim to avoid the complexities and yet establish a
reliable control strategy, firstly a decentralized controller design is formulated using the second-
order plus time-delay equivalent transfer functions. Though this methodology is simple but needs
iterations before converging into the final control strategy. To avoid this exercise, stabilizing
regions are generated based on stability boundary locus method for the controller parameters,
(i11)) Though these decentralized controllers are able to ensure the task of power management,
due to the control-loop interactions the dynamic performance may be affected. In an attempt to
enhance the dynamic performance, a centralized control strategy is evolved, and (iv) The
effectiveness of the decentralized and centralized controllers for the integrated dc-dc converters

is rigorously investigated through singular value analysis. Nominal performance, robust stability

vii



and robust performance depicting p-plots are generated to ascertain the impact of decentralized
and centralized controllers. Further, the integral square error (ISE) performance indices are
computed for both which reveal that the centralized controller result in lower ISE performance
index than the decentralized one and hence the centralized controller exhibits better dynamic

performance.
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