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Abstract

This thesis mainly focuses on developing reliable and scalable coordinated control strategies
for various architectures of DC microgrids. In contrast to the conventional coordination
philosophy, the primary goal is to reduce the communication burden & infrastructure by
employing distributed control philosophy using the neighboring measurements. The reliabil-
ity, scalability, cost-effectiveness of distributed control is discussed in detail. Further, this
concept is realized for the design of secondary controllers to achieve various objectives such
as voltage regulation, load sharing, energy balancing in DC microgrids. Several aspects of

the coordination philosophy for DC microgrids, investigated in this thesis are as follows:

* Design of a methodology to solve conventional constant current/constant voltage
(CC/CV) charging techniques using an adaptive progressive de-rating control strategy
in a seamless fashion via power curtailment from PV for CV charging of battery
energy storage systems (BESSs) to ensure longevity in an autonomous single bus DC
microgrid. It ensures regulated DC voltage eliminating the need of DC bus signaling

mechanism, leading to various voltage levels.

* Design of non-linear proportionate charging/discharging control strategy for energy
balancing of BESSs in an autonomous single bus DC microgrid. As BESSs are
responsible for maintaining voltage, the impact of the performance of the proposed
energy balancing strategies in presence of various sources having different dynamics

such as PV & fuel cell is studied during transients.



xii

* Design of a cooperative adaptive droop for each BESS to realize energy balancing in a

multi-bus DC microgrid consisting of PV and BESSs at different buses. Additionally
to ensure longevity, various modes of charging of BESSs is communicated by a binary

signal depicting transition of modes using the distributed cyber topology.

To highlight the application of plug-and-play capability of sources using distributed cy-
ber topology in real-life practice, a generalized case of grid connected electric vehicles
(EV) charging park is considered which undergoes handshaking with the aggregator
to increase economic benefit. To avoid penalties, (N-1) contingency solutions usually
serves the purpose, however cooperative control coordination between each charging

unit in the park manages to meet the energy requirement if (N-1) contingency fails.

Design of a cooperative finite-time dynamic framework for each source aggregated as,
RESs equipped with BESSs in a single bus, to undergo average voltage regulation &
proportionate current sharing within finite settling time in multi-bus DC microgrids.
Further, it is supported by theoretical analysis on maximum time delay for a given
cyber network that the controller can withstand to achieve stability ensuring reliable
performance for time delays, different cyber topologies, link failure, converter failure

etc.

Design of an event-based aperiodic sampling of the cooperative channel instead
of time-based sampling, referred to as event-triggering which samples only during
events/disturbances, such as load changes, using an event-triggered error analyzed
using a Lyapunov technique. In other words, it focuses on transmission of sensor
values only during the events (disturbances such as load change) which is an energy
saving approach as it reduces energy consumption required for communication channel
when there’s no event. A sensitive analysis of model uncertainties is also explored

which manipulates the error threshold.
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* Design of an attack-resilient distributed controller for DC microgrids using a coopera-
tive vulnerability factor (CVF) methodology to detect the presence of false data as well
as a balanced set of zero sum false data also termed as, stealthy attacks. A detailed
study on modeling of such attacks using multiple sensors as well as communication

links is provided to show the accuracy of the detection and corrective mechanism.

* Design of a fixed-time based dual layer cooperative secondary controller for a cluster
of DC microgrids to minimize loading mismatch between each microgrid within fixed
settling time during high loading conditions. On the other hand, for a significantly
large network during light load conditions, the transmission line loss dominates which
suggests an optimal loss minimization strategy for inter-microgrid sharing. To carry
out these objectives, a fixed-time based fully distributed dual layer secondary con-
troller is designed which alternatively handles loading mismatch mitigation and loss

minimization depending on the loading conditions.

* Design of a containment control strategy for leader-follower cyber network with
constrained flow of information between each source to achieve bounded voltage regu-
lation & proportionate sharing within finite-time in a multi-bus DC microgrid. Further,
reverse I —V droop methodology is explored to enhance the dynamic performance of

the control system by avoiding an additional compensating (voltage) loop.

Keywords: DC microgrids, Distributed control, Finite-time control, Fixed-time con-
trol, Event-triggering, Microgrid clusters, Cyber attacks, Load sharing, Energy balancing,

Distributed voltage observer.
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