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Increasing rotor hub height and extending the length of 

wind turbine rotor blades are amongst the trends to in-

crease the capture of offshore wind energy by accessing 

higher wind speeds and increasing the available wind 

power. As a result of these design strategies, larger com-

mercial wind turbines that have a substantially lower cost 

of wind-generated electricity, experience wider ranges of 

atmospheric conditions and consequently more fatigue 

loads.  

A novel opto-mechanical platform (OMP) to measure the 
dynamic response of a full-scale multi-megawatt wind tur-
bine is developed and applied. This opto-mechanical plat-
form measures the blade shape, blade deflections, and 
characteristics of blade vibrations by tracking the blade 

during operation without the need for any modification or 
attachment to the turbine. Simultaneous measurements 
of the wind speed, wind direction, and turbulence intensity 
are made with a LiDAR scanning system. It is shown that 
there is an azimuthal variations of wind speed and turbu-
lence during a rotor revolution, which consequently leads 

to azimuthal variations of fatigue loads during a rotor rev-
olution.  
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