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 ABSTRACT 

The fatigue damage reduction versus energy production loss trade-off 
analysis is demonstrated on a Vestas V-52 turbine by de-rating the 
turbine power over a specific period corresponding to high measured 
turbulence using a spinner mounted anemometer. Based on the 
measured blade root and tower base loads, the benefit of curtailment 
under high turbulence on lowering the fatigue damage is quantified. A 
cut-off mean turbulence intensity level of 16% at 15m/s or class-A 
conditions is chosen as the turbulence level to impact tower base 
fatigue damage reduction.  The turbulence is measured using a spinner 
anemometer mounted on the V-52. It is shown that the tower base fore-
aft damage equivalent moments can at some mean wind speeds be 
reduced by as much as 30%. The reduction in the blade root damage 
equivalent moment is not significant for power set point based 
curtailment.  The learnings from this power curtailment strategy based 
on measured turbulence are extended to an offshore wind farm study 
case to demonstrate its benefit to life extension or CAPEX reduction of 
offshore sub structures. 
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INTRODUCTION 

As wind farms approach their normal design life of 20-25 years, wind 
farm owners require informed decisions on the remaining life of the 
wind turbines on the farm and whether life extension beyond the 
planned design life is feasible. A factor to be considered in the process 
of remaining life computations is power curtailment of turbines or 
reduced power production. Most wind turbines in an offshore wind 
farm are subject to curtailment during some part of their operational 
life. While curtailment is commonly due to lack of energy demand from 
the electrical grid, curtailment also results in reduced fatigue on the 
wind turbine components and reduced wake turbulence behind the 
curtailed turbine.  Since fatigue of key structural components is 
correlated to wind turbulence, it is beneficial to the turbine life, if the 
curtailment that is made, is at locations within the farm with high wake 
turbulence.   

Conventional wind turbine instrumentation for wind speed 
measurements is done using a Nacelle mounted anemometer and wind 
vane, which when calibrated can measure the 10-minute free stream 
mean wind speed and wind direction. Modern wind turbines may also 
be equipped with a nacelle mounted Lidar (Schlipf Mann and Cheng 
2013) or a Spinner Anemometer (Pedersen, Demurtas and Zahle, 2015), 
which can measure the 10-minute mean wind speed, direction and the 
turbulence (std. deviation of the 10-mean wind speed) fully correlated 
to the free-stream turbulence. The Spinner anemometer has the added 
benefit that it is measuring turbulence at a point whereas the Lidar 
measurement is over a finite volume, which still is useful to quantify 
the turbulence in the inflow (Dimitrov and Natarajan, 2017).  

The wind turbine structure is designed to meet the mechanical loading 
corresponding to a given wind turbulence class.  The fatigue lifetime of 
the blade, tower etc. is ensured based on the 90% quantile of turbulence 
for a selected turbulence class. While the turbulence for the rotor-
nacelle-assembly (RNA) is typically designed based on the IEC 
specification (IEC 61400-1, 2005), the tower is designed to site-specific 
wind conditions. The uncertainties in the wind conditions can be 
relatively large, especially due to seasonal variations, storms and also 
changing terrain conditions over the life of the turbine. Thus 
measurement of turbulence on a continual basis, such as by the use of a 
spinner anemometer can be a valuable means for verifying that the 
turbulence is always below the design level or initiating control action 
for elevated turbulence levels. Based on the exceedance of the 
measured turbulence over a 10-minute interval, the turbine control 
system can be configured to react in different ways to lower the load 
level of the turbine. Such a measurement can be very useful to life 
extension of wind turbine structures in a wind farm at locations with 
high wake turbulence. A means of supervisory control is curtailment of 
wind turbines (Burke and O'Malley, 2011) in a wind farm, which is due 
to reduced power requirements from the grid. However, curtailment can 
be made by selecting wind turbine locations that have high wake 
turbulence within the wind farm. 

For the objective of lowering the fatigue damage to the structural 
components, it is possible to de-rate the turbine by changing the rotor 
speed set point or the power set point or altering the tip speed ratio 
curve for variable speed turbines with collective pitch control as the 
sole load reducing mechanism. The efficacy of reducing the fatigue 
damage to the blades and tower base based on de-rating the turbine is 
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