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ABSTRACT

The thesis deals with some aspects of conventional (i.e., Delta~Omega), dual input,
artificial neural network and radial basis function (RBF) network based power system
stabilizers for an interconnected power system. The input signal to Delta—Omega PSS is
deviation of the shaft speed. The dual input power system stabilizers use deviations in
electrical power and shaft speed to derive the stabilizihg sighal.

Small perturbation dynamic models of a machine-infinite bus system in state-space
form considering IEEE type ST1A model of static excitation system with and without PSS
have been presented. The effect of variation of AVR gain and equivalent reactance, X, on
stable region in the P-Q plane has been investigated. The variation of loading condition (P,
Q) and X, on “Plant” phase characteristic has been analyzed. An approach for the
optimization of PSS parameters using phase compensation technique has been presented. The
effect of variation of degree of undercompensation and X, on optimum PSS parameters and
dynamic performance of the system has been analyzed. Explorations for selecting a most
suitable loading condition and X,, for the design of optimum PSS, such that the performance
of the PSS is robust over a wide range of loading condition (P, Q) and variation in X,, have
been carried out. Investigations reveal that the optimum PSS corresponding to a low leading
power factor, heavy loading condition is quite robust to wide variations in loading condition.
Further studies show that an undercompensation of about 30° is desirable for the optimization
of PSS parameters. Investigations also show that the optimum PSS corresponding to a weakly
interconnected system (i.e., large X,) éxhibits improved performance with the stiff systems (a
small X,). However, the reverse is not true. Investigations clearly demonstrate the capability

of a suitably designed PSS, in terms of significant increase in stable operating region in the



P-Q plane. Studies clearly reveal that the PSS also assists in stabilizing the system under
large perturbations.

A new small signal transfer function model of a single machine—infinite bus (SMIB)
system including amortisseurs in the synchronous generator model has been developed. The
effect of including amortisseurs in the dynamic model of the synchronous generator on
“Plant” phase characteristic and optimum parameters of the conventional PSS has been
investigated. Investigations have been carried out to answer the pertinent question, “Whether
the simplified model of the synchronous generator obtained neglecting amortisseurs, is
adequate for optimizing the parameters of the PSS™? Studies reveal that the dynamic
performance of the actual system, with PSS optimized considering simplified model of the
synchronous generator is quite acceptable and hence for the purpose of optimizing the PSS,
amortisseurs can be divorced comfortably from the mathematical model of the synchronous
generator.

The performance of IEEE recommended models of the dual input PSS (i.e., PSS2B,
PSS3B and PSS4B) has been analyzed. A systematic approach for optimizing the parameters
of the dual input PSS using ISE technique, has been presented. The studies show that the
performance of the system with optimum PSS4B model is quite superior to that of the PSS2B
or PSS3B models of the dual input power system stabilizers. Moreover, the performance of
the system with PSS4B—dual input power system stabilizer is quite robust to wide variation in
loading condition provided the parameters are optimized for a suitable loading condition.
Studies also reveal that the dual input power system stabilizers are quite effective in
enhancing stability of the system under large perturbations.

. New approaches for real-time tuning the parameters of a conventional PSS using

artificial neural network (ANN) and radial basis function (RBF) network have been proposed.
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The relative merits of real-time tuning the power system stabilizer, using these alternative
techniques have been examined.

The main thrust of the research work presented pertaining to the design of ANN based
PSS is to address some of the important issues, e.g., selection of elements of the input vector
of the training pattern, number of training patterns, selection of number of neurons in the
hidden layer, selection of sampling period and evaluation of performance of the ANN based
adaptive PSS (ANNAPSS). A new approach for selecting an adequate number of neurons in
the hidden layer has been proposed. Studies show that the ANNAPSS provides slightly better
dynamic performance than the conventional PSS at the nominal operating condition.
However, the dynamic performance of the system with ANNAPSS is much superior to that
with the conventional PSS for the system loadings different from the nominal. Further
investigations reveal that the performance of ANNAPSS is quite robust to wide variations in
loading condition and X..

The RBF network is trained using an efficient orthogonal least squares (OLS) learning
algorithm. The effect of spread factor and number of training patterns on required number of
RBF centers has been studied. An approach for the selection of adequate number of RBF
centers has been proposed. The effect of variation of loading condition and X, on dynamic
performance of the system with RBF network based adaptive PSS (RBFAPSS) has been
investigated. Investigations reveal that the required number of RBF centers depend on spread
factor £ and number of training patterns. Studies show that an adequate and parsimonious
RBF network for tuning the conventional PSS can easily be realized by presenting a relatively
smalvler number of training patterns, randomly generated spreadover the complete operating
domain. Moreover, there is no merit in training an RBF network by presenting a large number

of training patterns. Studies reveal that the dynamic performance of the system with

iii




RBFAPSS is virtually identical to that with ANNAPSS. Investigations clearly show that the
performance of an RBFAPSS like ANNAPSS is quite robust to wide variations in loading
condition and X,. The structure of an RBF network is simpler to that of ANN. The RBF
network also has an edge over ANN in terms of robustness and quickness of learning.
Investigations have been carried out for arriving at a maximum permissible sampling
period for practical implementation of ANNAPSS as well as RBFAPSS without jeopardizing
the dynamic performance. Studies show that the maximum permissible sampling period with

ANNAPSS is limited to 35 milliseconds while that with RBFAPSS is limited to

45 milliseconds.
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