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Against the backdrop of increasing awareness of the effects of global warming due to greenhouse gas emissions and
with fossil-fue] prices on the rise and their supply increasingly unstable, the need for more environmentally beﬁign
electric power systems is a critical part of the new thrust of engineering for sustainability. To address security of
supply and energy diversification, wind energy is regarded the most attractive vanguard of the world’s energy
challenges as it is clean, fuel-free (produces no CO,), and a renewable source of power. Wind plants have benefited
from steady advances in technology, and much of the advance has been made in the components dealing with the

utility interface, the electrical machine, the power electronic converter, and the control capability.

Wind turbines have become the most cost-effective renewable energy systems available today and are now
completely competitive with essentially all conventional generation systems. However, the major problem is the
wind’s unpredictable nature that forces utility operators to think differently about power generation, with the main
challenge being to provide governor functions and controlled ramp-down during high wind speed events.
Additionally, wind turbines present nonlinear dynamic behavior and lightly damped resonant modes. This thesis
examines design of advanced control paradigms geared toward lessening the negative impact of wind stochasticity on
modern MW-class wind energy conversion systems (WECS) during high turbulence. The main control design
objectives are to maximize powér conversion throughout the operating envelope for steady output power as well as to

actively attenuate structural-dynamic load-oscillations of the drive-train.

The proposed paradigms include the linear quadratic Gaussian (LQG), artificial neural networks in form of
neurocontrollers, the self-tuning regulator (STR), model-based predictive control (MBPC), Hy/H,, control, and
neurofuzzy logic schemes. These yield, singly or in combination, digital systems whereby control is exercised
through regulation of generator torque. Their design is enhanced by modeling; the plant and its environment are
structured as a system of interacting subsystems that constitute an equivalent model defined in state space. The
disturbance (input) signal is the wind that is modelled as a stochastic process constituted by the seasonal mean wind
speed and the instantaneous turbulence component, while drive-train components (turbine, gearing and generator

subsystems) are represented as a series of inertias linked by ‘soft’ shafts without friction.

Computer simulations conducted using the MATLAB/Simulink software, with the generator model as an interface
between the mechanical and electrical characteristics of the WECS reveal that achieving the objectives of optimal

operation for reliability by the proposed multiobjective schemes becomes more attractive vis-a-vis the classical

proportional-integral-derivative (PID).
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