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A Study on Transient Stability and Fuzzy Control of Hybrid Power Systems

In this dissertation, a detailed study is made on the application of the direct method of Lya-
punov in stability analysis of nonlinear systems, with emphasis on power systems supplied by both
synchronous and induction generators. These types of power systems, which we shall refer to as
hybrid power systems, are very common in islands and remote areas, where power networks are

- not connected to the grid. The induction generators are usually driven by wind turbines, while
diesel engines or steam turbines drive the synchronous generators. Also covered in this research is
the use of intelligent means of control on the induction generator side of hybrid power systems.

First, a generalized Lyapunov function for the Liénard-type nonlinear system which is important
as a representative system expressing LRC electric circuits, mechanical spring-mass systems and so
on, is constructed using the Lagrange-Charpit method. The Lyapunov function includes particular
nonlinear terms as arbitrary functions, by which the quadratic term appearing in the Luré-type
Lyapunov function can be extended. The result yields all the conventional Lyapunov functions as
special cases, by changing the forms of the arbitrary functions. To investigate the relation between
the arbitrary function in the Lyapunov function and the stability region obtained, the stability
boundaries for various types of the arbitrary functions are illustrated in the application to a simple
system. In addition, numerical values of the time derivative of the Lyapunov function along the
stability boundary are calculated to study the relation between the stability region and the values
of the time derivative.

Next, a Lyapunov function is systematically derived for an induction generator infinite bus
power system, in which the mechanical torque is obtained from a wind turbine. To achieve this
goal, a relationship is proposed between induction generator slip and rotor angle. Self-excitation of
the induction generator is through a terminal capacitor, the value of which becomes a parameter of
the whole system. Transient Energy Function method is then used to derive energy functions for
multimachine hybrid power systems in terms of the rotor angles, synchronous generator angular
speed and induction generator slip. Flux decay effects in the electrical machines are taken into
account. Simulation results are given in support of the proposed energy functions for practical
purposes. Taking into account that most of the electrical loads worldwide are composed of induction
motors, a Lyapunov function is also constructed for a synchronous generator supplying an induction
motor load. Simulation results show close agreement between the critical clearing times obtained
from step-by-step integration and those from the proposed energy functions.

Finally, fuzzy logic control is introduced in the control of the self-excitation capacitor and the
wind turbine blade pitch angle, and the simulation results for different fault scenarios are compared
with those obtained from conventional control techniques. The power system considered here is fed
on one side by diesel, and on the other end by wind energy. The synchronous generator is equipped
with a governor and an automatic voltage regulator. Self-excitation of the induction generator is
again through a terminal capacitor, the value of which is controlled. The multimachine case is also
considered, in which fuzzy logic controllers are now employed in the control of the diesel engine
governor and the wind turbine pitch angle. Here, simulation results when fuzzy logic controllers are
used indicate improved settling times of machine terminal voltages, synchronous generator rotor
angle and induction generator slip over those from conventional control techniques.
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