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Abstract² A theory called Adaptive Disturbance Tracking 

Control (ADTC) is introduced and used to track the Tip Speed 

Ratio (TSR) of 5 MW Horizontal Axis Wind Turbine (HAWT). 

Since ADTC theory requires wind speed information, a wind 

disturbance generator model is combined with lower order 

plant model to estimate the wind speed as well as partial states 

of the wind turbine. In this paper, we present a proof of 

stability and convergence of ADTC theory with lower order 

estimator and show that the state feedback can be adaptive.  

 

I. INTRODUCTION 

Large wind turbines are operated in three different 
regions called Region I, Region II and Region III, and the 
available wind speed determines the region of operation. 
Region I is the startup region and wind speed is not sufficient 
to produce the power. When wind speed becomes large 
enough to produce the power but not enough to produce the 
rated power, then it operates in Region II. In Region III, wind 
speed is normally larger than the rated wind speed and 
produces the rated power.  

The amount of power that can be captured using wind 
turbine is given by [1]: 
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Where, P is the power, A is the area of the rotor disc, CP is 

WKH�SRZHU�FRHIILFLHQW��!�LV�WKH�DLU�GHQVLW\��& and is the free-

stream wind velocity.  

The power coefficient CP is the function of tip-speed ratio 
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can be expressed as: 
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Figure 1 Plot of CP vs Tip ± Speed Ratio for different Blade 

Pitch Angle 
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The variation of power coefficient (Cp) with TSR for fixed 

sets of blade pitch angle is in figure 1[2]. From the figure, it 

can be seen that, for a certain blade pitch angle, there exist 

an optimum TSR for which Cp is maximum. In Region II, 

the wind speed is not sufficient to produce the rated power 

so the TSR must be maintained constant at its optimum 

value such that the power coefficient is maximum, which 

ultimately maximizes the power captured by wind turbine. 

  

From equation (2), the TSR is a function of the rotor speed 

and the wind speed. Since variation in the wind speed have 

effect on rotor speed, the rotor speed must be varied in same 

proportion to keep the TSR constant. 

 

The foundation of counteracting the persistence disturbance 

in a plant was developed by Johnson [3]. Balas refined this 

idea [4], and developed a new idea of Disturbance Tracking 

Control and used for Region II control of the wind turbine. 

The motivation behind the theory of Disturbance Tracking 

Control is to make the wind turbine track the wind speed, 

which ultimately tries to keep the TSR constant at some 

optimum value.  

 

The TSR WUDFNLQJ�HUURU��-��LV�LQWURGXFHG�DV�WKH�GHYLDWLRQ�RI�

WKH� DFWXDO� 765� ���� IURP� WKH� RSHUDWLQJ� RU� RSWLPXP� 765�
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fixed gain controller

adaptive controller

The components of estimated output tracking error given 
by equation (12) are shown in figure 5. In this simulation the 
value of tracking ratio (Q) used was 1.12. It can be seen that 
the adaptive controller with partial state feedback has done 
excellent job  in disturbance tracking.  

 

 

 

 

 

 

 

 

 

 

 
                

Figure 5. Estimated tracking error 

The Estimated Tracking Error given by equation (12) is 
shown in figure 6. The error is almost zero in steady state.  

 

 

 

 

 

 

 

 

 

 

 
                     Figure 6. Generator speed comparison 

The generator speed profile for the adaptive controller and 

the existing fixed controller is in figure 7. In lower wind 

speed region there is discrepancy between the generator 

speed, this is because the existing fixed gain controller the 

generator torque is directly the function of generator speed, 

JLYHQ�E\�.
�
2
, where K is some constant, which depends on 

WKH� GHVLUHG� 765�� DQG� �� LV� WKH� JHQHUDWRU� VSHHG�� %XW�� LQ�

adaptive disturbance tracking control, there is no direct 

relation between generator speed and torque, instead 

generator torque is manipulated in such a way that the 

generator speed track some percentage of wind speed. 

The generator torque command input produced by both the 

adaptive controller and the fixed controller is shown in figure 

8. The adaptive controller has aggressive torque compared to 

the fixed gain controller. The reason behind this 

aggressiveness is tendency of adaptive controller to track the 

step wind speed. This aggressive behavior can be reduced to 

a great extent by using a low pass filter after estimated wind 

speed. This makes the wind speed smooth rather than step 

resulting the adaptive controller to follow the smooth wind 

speed. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Generator Torque comparison 

V. CONCLUSION 

The theory of ADTC with partial state estimator and state 

feedback is proposed to track the TSR in Region II operation 

of large HAWTs, and its stability is also analyzed. The 

estimator/controller is designed based on proposed theory 

and simulated in 5 MW onshore wind turbine. The main 

advantage of this theory is simplicity in design and omission 

of requirement of detailed model of the wind turbine. Also, 

parameters of wind turbines are poorly known which 

prevents design of controller using well established linear 

control theory but adaptive controller performs better in such 

situation.   
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