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ABSTRACT: 
Wind energy has become a major renewable resource of power generation, for 
which successful deployment of cost-effective control system development is 
critical for reducing its levelized cost of energy (LCOE). Primary objectives of 
wind energy controls include enhancing the efficiency of energy capture and 
reducing the structural loads. This talk introduces two efforts we have made in 
wind energy controls: i) model-free control of energy capture for turbine and 
farm operation, and ii) controls of floating offshore wind turbines with novel 
actuation devices. For below rated wind speed operation, the primary goal is to 
enhance energy capture, however, model-based control strategies can be 
expensive due to the difficulties in model acquisition and wind measurement. 
Extremum seeking control (ESC) has been explored as a model-free control 
strategy for such circumstance. We have developed ESC based control strategies 
for both turbine and farm level operation, with significant improvement in 
energy capture observed from the turbine-level validation testing on the NREL’s 
CART facility. At the farm level, a nested-loop ESC strategy with delay 
compensation is developed.  For controlling floating offshore wind turbines, a 
major line of efforts has been development of additional control authorities to 
meet the challenge of under-actuation due to increased number of degrees of 
freedom. In the past we have developed the concepts of active vane control, 
dynamic vibration absorber and active mooring line control with artificial 
muscle actuations, and simulation-based studies have revealed their promises.
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