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Introduction 
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The typical size of wind turbines has grown dramatically. The components of wind 

turbines become more flexible and expensive. 
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The deterministic wind field is a 

stochastic component of wind 

velocity known as turbulence. It 

cannot be ignored as it is a major 

source of fatigue loading. 
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Wind turbines are ‘fatigue machines’. 

 They should be maintained before 

the fatigue damage over the threshold 

value. 

http://www.google.com.hk/url?sa=i&rct=j&q=%E9%A3%8E%E6%9C%BA+%E5%8F%B6%E7%89%87+%E6%95%85%E9%9A%9C&source=images&cd=&cad=rja&docid=lQpv5qgj9K6nYM&tbnid=DmttiisT5sWvNM:&ved=0CAUQjRw&url=http://www.baike.com/wiki/%E9%A3%8E%E5%8A%9B%E5%8F%91%E7%94%B5%E6%9C%BA%E5%8F%B6%E7%89%87%E6%98%93%E4%BA%A7%E7%94%9F%E7%9A%84%E9%97%AE%E9%A2%98%E5%8F%8A%E6%97%A5%E5%B8%B8%E7%BB%B4%E6%8A%A4&ei=NZi3UpmkPOjIiAfGuoHICg&psig=AFQjCNGvPUUt6ATmcfOGoh6n_LeYt588Bw&ust=1387850116014167
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According to Quinonez-Varela et al., the 

estimated repair time of a failed subsea 

power cable may vary from 720 h in summer 

to 2160 h in winter. A large offshore wind 

farm, such as the one in Horns Rev, presents 

a new set of problems that have not been 

previously encountered, particularly, limited 

access to the farm because of weather 

conditions. 

One problem is the unbalanced 

fatigue distribution over the 

wind farm, which is caused by 

the uneven wind distribution and 

conventional wind farm control. 

This problem leads to frequent 

maintenance for the overloaded 

turbines located at boundaries of 

the wind farm, leading to high 

costs. 
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To date, most of the developments within control algorithms and technologies have 

focused on wind farm power control and the fatigue reduction of a single turbine. 

However, operation of wind farms show that the individual active control method cannot 

solve the unequal fatigue distribution in the wind farm. If a control algorithm or 

technology can take into account the fatigue distribution and balance the individual turbine 

fatigue without a large power loss, then it can be used to reduce the maintenance costs and 

increase the wind farm service life. 



Fatigue balance method 

• A. Fatigue coefficient  
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The equations  indicate that we can optimize the fatigue of a wind turbine via 

regulating active power output of wind turbines. The equations also show that wind 

turbine fatigue is cumulative. Therefore, the unbalance wind farm fatigue distribution 

cumulating in some time slices can be optimized in other time slices by harmonizing 

active power of wind turbines. 
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Fatigue balance method 
 B. Over all strategy of fatigue optimization 
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Grid operator set the production mode and reference active power of wind farm to 

wind farm controller via remote control. The wind farm controller dispatches 

reference active power for each turbine according to gird demands. Each turbine 

traces its reference active power via pitch control, torque control. 

Principle of wind farm active power control 
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Free production Response grid disturbance

Active power curtailment

(Conventional strategy) (Conventional strategy)

(Fatigue optimization algorithm)
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    Free production: When grid security and stability margin is sufficient, the grid operator released the active power limit of 

wind farm. Each wind turbine operates in conventional maximum power point tracking strategy to meet the wind farm 

owner’s requirement of maximum economic benefit. 

    Response grid disturbance: When power system is in accident or emergency, such as the frequency beyond specific limits 

and system stability cannot be guaranteed. The wind farm operates in response grid disturbance state, each wind turbine 

regulates active power rapidly according to preset conventional control strategies, such as frequency-controlled regulation of 

the power production strategy and system protection strategy. 

    Active power curtailment: Wind speed is available, but the grid operator do not allow the wind farm to put all power on 

the grid. The wind farm controller harmonizes active power of each wind turbine to balance wind farm fatigue distribution 

according to fatigue optimization algorithm. 

Over all strategy of fatigue optimization 
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Fatigue balance method 
C. Fatigue optimization algorithm 
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Dispatch active power of wind farm according 

to inverse proportion of fatigue coefficient of 

each wind turbine. 

Planed active power of each wind turbine can be carried out? 
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Simulations and Results 
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Mean fatigue vary with power curtailment ratio 

It means that the proposed method lose no active power 

and can trace the grid demand. 



Conclusions 
• Unbalanced fatigue is one of the key causes leading to high maintenance 

costs in large scale wind farm. Balancing the fatigue can be used to reduce 

maintenance frequency and the cost of energy. 

• The proposed method, dispatching active power for wind turbine based on 

inverse proportion to fatigue, can make the fatigue distribution flatter and 

the active power production trace grid demand adaptively. 

• The proposed method essentially is a compensation mechanism. This 

mechanism is based on the fatigue of current time and independent of wake 

effect, and has nothing to do with the geographical location and layout of 

wind farm. It is fit for both on-shore wind farm and off-shore wind farm. 

• The calculated load of the proposed method is very lite, the task can be 

executed in existed wind farm control. It’s a feasible and cheap way to 

optimize fatigue distribution in wind farms. 
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Thank you! 


