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ABSTRACT

This thesis investigates the use of a two winding single phase self excited induction
generator (SEIG) for standalone off grid single-phase power generation using different
renewable energy sources ether singly or in combinational hybrid mode. Various solid
state controllers are explored and successfully implemented for each case. This is the
first such attempt to use a specially designed two winding SEIG for renewable energy
application to feed single-phase loads vastly prevalent in isolated and remote locations,
in accessible to the grid. This research work assumes great importance due to the
nonavailability of the power in remote regions in developing countries. Moreover, there
is a need to exploit local renewable sources such as bio, hydro, wind, in combination
with solar energy. Present global emphasis to generate pollution free electricity makes
the work all the more important.

The first case deals with the controlled capacitor scheme wherein a fixed capacitor is
used across an auxiliary winding and variable shunt capacitor is realized across the main
winding in parallel with the load. The novelty is the back to back connected thyristor
scheme with the main winding capacitor to smoothly vary the VAR through the control
of thyristors. It is suitable with both resistive and inductive loads such as lighting, fans
and heating loads which are linear static or dynamic loads. The hardware for this VAR
controller has been designed and successfully implemented for SEIG. This scheme is
found suitable for bio or diesel engine as a prime mover with varying speeds of about
20%.

The next scheme for control of SEIG deals with nonlinear loads typically rectifier loads
used in PCs, laptops and IT equipments needed for remote communities to improve their

connectivity. The scheme uses an H-bridge type IGBT based voltage source converters
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(VSC) with a capacitor at its DC bus, in parallel with the loads to inject an adjustable
harmonics and fundamental reactive VAR needed by SEIG and loads. It ensures that
SEIG has minimum harmonics despite high THD (Total Harmonic Distortion) of the
load current. This is also found suitable for engine driven systems.

An improvement of the above scheme is to obtain constant voltage and frequency across
the loads with the above type of prime mover under linear and nonlinear loads. Here, the
engine functions under a single point operation with constant output power, torque and
speed. For feeding variable loads, the residual power is used to charge the battery to
maintain constant output of the engine. Here, a VSC is used for voltage control with the
VAR and harmonic mitigation while the battery works for frequency control with a real
power balance.

The next scheme deals with a small-hydro generating system wherein the power may be
constant in a given condition but it varies seasonably dependent on input water flow. The
SEIG output frequency is maintained constant through a feedback mechanism using the
reference frequency. A frequency error signal is used to trigger PWM pulses to the IGBT
of an electronic load controller. Moreover, it in turn feeds suitable power to the dump
load. With the constant load, the voltage remains constant through an equilibrium status.
An another scheme deals with the decoupled voltage and frequency controller (DVFC)
of a SEIG driven by small uncontrolled hydro turbine wherein both voltage and
frequency are separately regulated. Here, frequency error signal is fed to control a
chopper IGBT to alter the dump load for constant frequency. The terminal voltage error
signal, dc bus voltage error signal of VSC and load current are used in the proposed
control algorithm which estimates the reference source current to regulate the load

voltage.



The integrated voltage and frequency controller (IVFC) of a SEIG driven by small
uncontrolled hydro turbine, is another scheme being investigated in detail. This is an
improved scheme for small-hydro application. A further improvement is achieved
through an additional battery storage energy system to the above. The series combination
of chopper and dump load resistance of the previous IVFC scheme is replaced by a
battery energy storage system (BESS). During varying load condition, the residual power
is stored in the battery to maintain the system frequency. In overload condition, the
additional power is supplied by the battery to maintain the system frequency. In the
proposed control algorithm, the charging and discharging of the BESS are controlled by
a frequency control loop with the frequency as a feedback variable, unlike auxiliary
dump load based controllers, where the DC link voltage is used as a feedback variable.
The next control scheme of SEIG pertains to the wind energy application due to
imperative need to have typical rooftop or isolated wind mills to supply single phase
power using SEIG. This is a major breakthrough as PMSG are being implied for such
applications. This is primarily a wind battery hybrid system with a dedicated control to
operate at varying wind speeds. The voltage and frequency control of a wind turbine
driven single phase SEIG under variable input power from wind turbine and at varying
consumer loads is achieved using VSC-BESS. The VSC-BESS consists of a single-phase
H-bridge type IGBT based voltage source converter and a battery energy storage system
connected at its DC link.

The next stage of this research is towards creation of a single phase dedicated microgrid
with a combination of renewable sources such as wind and hydro with a battery for
power balancing. The scheme involves the DSP based integration of a standalone single
phase SEIG based small hydro generating system with a wind energy conversion system

based on PMBLDC generator. A VSC-BESS is used for active and reactive powers
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compensation of the micrgrid system which in turn controls the system voltage and
frequency along with improved power quality.

Another variant of such a hybrid scheme is a hydro-solar system with a battery backup. It
consists of microgrid system using a small hydro turbine driven single-phase SEIG
integrated with solar PV-array. A sliding mode control based on susceptance theory is
proposed which estimates the reference source current used to control the operation of
multifunctional voltage source converter. The microgrid feeds all types of loads and
ensures good power quality.

Finally, an integrated energy system as a combination of wind, hydro, bio and solar with
a battery energy storage system has been developed. The scheme consists of three main
renewable energy sources namely small-hydro, wind and solar PV array. The developed
single-phase microgrid ensures the optimum utilization of the various renewable energy
sources and BESS by integrating them. It also enhances the reliability of the system. The
total required capacity of the BESS is significantly reduced in the microgrid system in
comparison to individual power generating system, to obtain the same reliability. The
proposed control algorithm regulates the system voltage and frequency, mitigates
harmonic currents under variety of loads.

Thus, this thesis presents a comprehensive study of different modes of SEIG using
renewable energy sources for single-phase power generation realizing the microgrid
feeding a combination of practical loads with viable and successful controllers for each

case to ensure desired quality power across the loads.
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