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ABSTRACT

This thesis presents a comparative study of different controller
design options for Subsynchronous Resonance (SSR)
mitigation. The objective 1s to investigate different
methodologies to mitigate the torsional oscillations due to
subsynchronous resonance in a capacitor-compensated power
system using modern control techniques. Controller design
options presented in this thesis are: (i) Pole placement, (ii)
Linear quadratic regulator (LQR)-based artificial neural
network (ANN), and (1i1) H,, control.

A proposed pole placement technique that provides a
complete state feedback excitation regulator, that damps the
unstable torsional modes of oscillations, is introduced. This
controller design is effective in stabilizing the system at a
certain compensation level. However, if the compensation level
is changed, a new adjustment of the regulator gains is required.

Linear quadratic control methodology results in a complete
state feedback linear optimal controller. This method
minimizes a quadratic functional of the plant states and control
inputs. The designed controller provides an optimal damping
solution for all torsional modes simultaneously. Albeit, such
regulator is to some extent robust, the regulator gains must be
adjusted to new values as the compensation level changes
widely. To accommodate for a wider range of variation in the
compensation level, the objective function has been modified
to contain not only the states and control signal, but also
special state combination that provides information about load
and compensation variation. Moreover, an effective
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LQR-based ANN is developed in order to adaptively cope with
the system compensation level and loading conditions.

H,, technique provides a robust output feed back regulator
that results in a sub-optimal damping solution for all torsional
modes. This technique minimizes the oco-norm of the closed
loop system from the disturbance input to the required output.
Such controller uses a minimum number of system outputs to
provide the proper damping. Computer simulation results show
that all oscillating modes can be stabilized simultaneously for a
wide range of capacitor compensation.

All the aforementioned techniques have been applied to the
first IEEE Subsynchronous Resonance (SSR) benchmark
model. Time-domain simulations show that LQR-based ANN
and H,, regulator provide complete robustness over the
suggested operating conditions (20% - 90% compensation, and
50% - 100% loading) with reasonable control signals.
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