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ABSTRACT

In last few decades, there has been an extensive research on harnessing the potential of
renewable energy sources especially in wind, solar and tidal energies. At present, the
power crisis is severe in developing countries like India due to increase in the population
and an enhanced use of electricity per capita. The situation is becoming rapidly worst due
to depletion of fossil fuels. Moreover, the recent changes in climate around the globe have
made it mandatory for international community to reduce their carbon foot-prints. Wind
power generation is proved major contributor under these efforts in sustainable energy
program. Moreover, with the increasing demand for energy, it is also becoming difficult to
reach the consumers in remote and isolated places. Particularly, in some remote areas, the
electricity through the grid connection is not feasible due to geo-graphic and economical
constraints. It is observed in such cases, stand-alone wind energy conversion systems
(SWECSs) may be a sustainable option for the power generation.

This research work aims to investigate voltage and frequency controllers (VFCs) for
SWECS employing an isolated asynchronous generator (IAG), a synchronous generator
(SG), a permanent magnet synchronous generator (PMSG), a doubly fed induction
generator (DFIG) and a permanent magnet brush-less DC generator (PMBLDCG). To
cope with the intermittent nature of wind and to provide uninterrupted supply to
consumers, a battery energy storage systems (BESS) is proposed with these VFC’s. The
BESS is used for load leveling under varying wind power and fluctuating loads demand.
These SWECS are classified based on fixed speed and variable speed operation of the
generator.

Various configurations of VFCs and their control algorithms are investigated for an IAG
based fixed speed SWECS feeding 3P3W and 3P4W loads. A systematic procedure of

design of VFC is given in detail. The control strategies such as synchronous reference



frame (SRF) theory, current synchronous detection (CSD) based algorithm and enhanced
phase locked loop (EPLL) based algorithm for VFC are studied through simulation and
experimental results. The VFC is realized using insulated gate bipolar transistors (IGBT’s)
based VSC and a BESS. A digital signal processor (DSP) dSPACE DS1104 controller is
used for prototype development of VFCs in the laboratory. The performance of VFC is
demonstrated for a four-leg VSC based non-isolated VFC configuration and a star-polygon
transformer based integrated VSC system configuration for an IAG based fixed speed
SWECS to feed 3P4W loads. The performance of VFC is found satisfactory as a load
leveler, a load balancer, a neutral current compensator, a harmonic eliminator along with a
voltage and frequency controller.

VFCs are also investigated for a SG based fixed speed SWECS feeding 3P3W and 3P4W
loads. Different topologies and control algorithms are explored for VFC of a SG based
fixed speed SWECS for achieving desired performance. An automatic voltage regulator
(AVR) is used to regulate SG terminal voltage. A low pass filter (LPF) based control
algorithm and an adaptive linear neuron (ADALINE) based control algorithm are used for
a SG based fixed speed SWECS. These control algorithms also ensure unity power factor
operation at stator terminals. The performance of VFC for a SG based fixed speed SWECS
is demonstrated under linear, non-linear and dynamic loads. It is found that ADALINE
based control algorithm is fast and accurate due to absence of any filter in its computation.

A PMSG based fixed speed SWECSs are also explored for feeding 3P3W and 3P4W loads.
A T-connected transformer and a three-leg VSC with BESS at its DC bus are used as a
VFC for feeding 3P4W loads. The design procedure of VFC is given in a systematic
manner. An Icos® algorithm and a power balance theory (PBT) based control algorithm

are used to demonstrate the performance of a developed VFC for a PMSG based fixed
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speed SWECS. Two single phase transformers are only used to form a three-phase T-
connected transformer for providing stable neutral terminal.

In this research work, VFCs are investigated for a DFIG based variable speed SWECS to
feed 3P3W and 3P4W loads. Two back to back connected VSC’s and a BESS at its
intermediate DC bus are used as a VFC. A mechanical sensor-less field oriented control
algorithm is used for providing switching pulses to IGBTs of a rotor-side and a stator-side
VSC. A prototype of VFC is developed to demonstrate the performance of VFC for DFIG
based variable speed SWECS under linear, non-linear and dynamic loads at varying wind
speeds. The performance of VFC is observed as a maximum power point tracker, load
leveler, load balancer, a neutral current compensator and a harmonic eliminator.

Variable speed SWECS are also investigated employing a SG, a PMSG and an IAG using
different control algorithms and system topologies of VFCs. A three-leg VSC and a
voltage source inverter (VSI) along with a BESS are used as a VFC in each topology of
variable speed SWECS. These VFCs are designed to feed 3P3W, 3P4W and single-phase
two-wire (1P2W) loads. Design of VFCs is given for studied VFC topologies. The
performance of VFCs is observed under linear, non-linear and dynamic loads. These
variable speed SWECS are found highly efficient in terms of higher energy output and less
energy storage requirements compared to fixed speed wind installations of similar ratings.
The PMBLDCG based small scale variable speed SWECS are also investigated for
feeding 3P3W, 3P4W and 1P2W loads. A control algorithm of VFC is proposed for
achieving maximum power point tracking without sensing wind speed and rotor speed,
PMBLDCG voltages and their currents. A VFC is realized using an uncontrolled rectifier,
a DC-DC converter, a BESS and a VSI. The performance of VFC has been demonstrated

under steady state and dynamic conditions.
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