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Abstract: This paper proposed a blend of corresponding PIC and FLC for controlling the pitch angle of wind turbine connected to 

grid. Initially, conventional control methodology is employed to design the PI controller and later on, the concept of fuzzy logic 

methodology is adapted to analyze the gains of proportional integral controller. Due to versatility of fuzzy logic controller and 

rugged structure, sturdy nature of proportional integral controller are clubbed together, it provides a virtuous stagnant and dynamic 

outcomes. The proposed novel technique can be assessed by considering various disturbances such as short circuit network fault. 

The reenactment after effects of proposed controller is contrasted with proportional integral controller and FLC. From the findings 

it is shown that the proposed methodology could improve stability even the wind farm is subjected to different operating conditions. 

Moreover, a performance index in terms of absolute maximum deviations is defined in order to evaluate the adequacy of the 

proposed controller. 
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1. Introduction 

Over last two decades, due to the excessive emission of greenhouse gases into the atmosphere, the climate change 

all over the world has become a major concern for the developed as well as developing countries. Since conventional 

power plants are the major contributors of greenhouse gases, the efforts are being made to meet out the electrical 

energy needs, as much as possible, take advantage of renewable energy sources like solar and wind energy. n modern 

scenario, wind and solar power have become very popular due to their renewable quality in nature. Furthermore, as a 

result of its lower costs, wind vitality continues to keep competing with conventional energy, with advances in 

technology and incentives to adopt renewable energy since the last decade. 

        These natural variations in electricity have negative effects on the electric grid to which the wind farm ties. In 

addition, the Wind farm’s output differs in some range because of unusual wind speed characteristics. Therefore, the 

operating point of the power system changes regularly as the wind power network is incorporated into the power grid. 

Almost all of the research deals with the elimination of power variability in an optimized wind power system. 

According to some reports, Braking Resistors (BR) can be employed for stabilization of induction generator (A. 

Causebrook, 2007; R. Ghazi, 2010). It consumes active power and costlier than pitch angle control. Recently, 

Superconducting Magnetic Energy System (SMES) has also been employed for grid connected wind generator 

stabilization (M. R. I. Sheikh, 2012). Moreover, in the event of faults, the Super Conducting Fault Current Limiter 

(SCFCL) can suppress short-circuit current thereby, it can improve transient stability of induction generator, and it 

still more complex than BR (Ou, R., 2015). Many researchers have advised the hybrid controller in different areas. A 

hybrid speed controller is proposed in (A. S. Yilmas, 2009; Latchoumi, 2017) for interior permanent magnet 

synchronous motor (IPMSM) drives to enhance the state responses are dynamic and steady. Fuzzy PID type device 

has been proposed to monitor the excitation of a generator connected to power grid (M. N. Uddin, 2011). In (L. 

Reznik, 2000; Aroulanandam, 2020), Proportional Integral controller appended with FLC is utilized on the 

STATCOM damping controller to boost the power quality and reliability of the wind farm which is connected to 

power system. The active power suppression of the wind turbine generator using PI-FLC for the pitch-angle controller 

was addressed in (L.Wang, 2013), where the base values of PI controller gains have been considered using trial-and-

error method which is not suitable. In (P. Garasi, 2014), hybrid pitch-angle controller for SCIG wind turbine system 

has been proposed, however the base values of PI controller gains determined using Ziegler-Nichols rules have the 

severe limitations. One of the limitations of these rules exhibit starting values that will work with many processes but 

are not generalized to work with all processes.  In comparison, the PI controller operates with the above-average wind 

speed while the fuzzy logic controller operates when the wind speed is lower than that measured, the frequency 

fluctuation shall be smoothed out as well as the overall power output of the loop. So the PI Controller and the Fuzzy 

controller have their specified separate range for wind speeds and works independently in their respective range. 

Motivated by this work, this paper proposes a truly hybrid control strategy for maximum power-point tracking 

(MPPT) and pitch-angle control based on PI and fuzzy techniques. (i.e. for the wind speed below as well as above 
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rated speed) for complete smoothing of power fluctuations in the best possible cases. The fuzzy controller therefore 

improves the traditional PI controller providing its simplified and improved tuning over whole control range. 

Moreover, in place of Ziegler-Nichols rules, Pole placement method (L. Reznik, 2000) has been incorporated to 

design PI controller in appropriate way. Thenceforth, the FLC rules were subsequently framed to define PI controller 

gain and update during the simulation. The proposed controller has investigated the performance while in steady state 

condition along with disturbances such as faults in network, noise in signal. 

 

2. Modelling of Grid Connected SCIG Wind Farm System 

  

2.1 System configuration 

    Schematic layout of the wind power plant is analyzed. It consists of an equivalent aggregated 6 MW wind farm 

(consist of 4 ×1.5MW SQIG) propelled by an equivalent aggregated turbine shown in Figure 1.Generator output 

power is sustained in nominal value using controller. 

Figure.1 Schematic layout of the wind power plant adjoining the observed grid 

If  the wind is above its average speed of 9m/s. The speed varies approximately 1p.u. at no load and 1.005p.u under 

conditions of maximum loading. 

  2.2 Modelling of wind turbine 

        The associated rotor output is directly proportionate to the cube of wind speed 

 

P =     A C (, ) V 
3                                           (1) 

m
                

r     p                w 
                             

       The standard wind turbine is defined by the power coefficient (C p) which depends on the rotor-tip ratio  and the 

pitch-angle blade ratio . 

Cp  (,  ) =c1  (c2   /   − c3  − c4  )e
−c5 /i   + c6                 (2) 

Where 

1   -   0.008                 3 + 1                                      

The coefficients c1 − c6 are c1 = 0.5176, c2 = 116, c3 = 0.4, 

        c4 = 5, c5 = 21 and c6 = 0.0068 and the blade tip-speed () is defined as: 

          = 
the blade's tip speed   

=   
R                                (4) 

                       Wind velocity             Vw 
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Figure 2 Wind turbine C p curve 

                               

 

 

 

 

 

Figure 3 Power characteristics of the turbine 

           The average power output of the wind turbine at an equivalent wind speed is as shown in figure 3 with the aid 

of the Cp /   curve as seen in Figure 2 for numerous wind speeds. It could be seen from Figs. 2 and 3 defining the 

characteristics of the turbine that it is possible to excerpt the maximum energy with the aid of the respective rotor 

speed at any wind speed. Furthermore, if the wind velocity (Vw) surpasses the rated wind speed, the turbine's output 

power can exceed the maximum capacity and hence the wind turbine's input energy is reduced using the pitch 

controller. 

  2.3 Regions of Operation (WT) 

The maximum power can be obtained during this partial load area by maintaining the power coefficient (CP) at 

maximum location in the wind turbine; we can obtain more power with optimum values using tip-speed ratio and 

pitch angle. 

         Cpmax =Cg      = opt   = opt     (5) 
 

 

Figure 4 Regions of Operation (WT) 

2.4 Modeling of SCIG 

     The reference frame a-b-c is translated to the coordinate system of the d-q axis for the SCIG modeling. The flux 

relation equations of the wind turbine were discussed-powered SCIG can be written in a coordinate system per unit d-

q axis as (M. Q. Duong, 2014): 
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pdse  = ba (Vds  + Rseids + qs )                      (6) 

pqse  = ba (Vqs  + Rseiqs − ds )                       (7) 

pdr = ba (Vdr − Rridr ) + (b − r )qr                       (8) 

pqq = ba (Vqr − Rriqrr ) − (b − r )dr                   (9) 

 

Torque Equation as 
 

Te = dsiqs −qsids                                                                   (10) 

Equation of dynamic motion as 

p = 
b  (Tm − Te )                          (11) 

                                                                                2H 

 

3.  Pitch-angle controller 

        The Pitch angle system has an important role in the integrated wind energy systems at SCIG. The pitch – angle 

controller’s The main goal is to produce as much actual SCIG power output from the same wind as possible under 

different potential wind conditions (Bamila Virgin Louis, 2021; Vasanth, V, 2018) and send it to the grid without 

creating any voltage and frequency variations. The Figure 5 shows the schematic configuration of pitch angle control 

system. The discrepancy between the specific reference / set power (PSET) and the real measurement power / 

feedback (PMEAS) happens, it induces a PERR   error signal to be corrected by C(s) controller by adjusting the pitch- 

angle of the rotor tip.  

 

 

Figure 5 Functional block of Pitch angle control Mechanism 

 

  3.1 Modal control theory based design of PI pitch-angle controller 

 

        This section explored a modal adaptive control approach to the  development of a PI pitch angle control system 

with the generator for the given wind turbine. The aim is to construct a PI controller in such a way as to allocate 

accurately the own values to be assigned on a very complex plane. 

 

3.2 Wind turbine generator system linearization 

 

         The nonlinear equation of the SCIG wind energy system as defined in Section 2 has been normalized around 

over a minimal operating conditions to obtain a set of generalized linear derivative coefficients of the system as 

follows: 

pX = AX + BU + VW                         (12) 

                                                             Y = CX + DU 
          Where X,Y, U and W are the state vector, the yield variable ,its extrinsic vector and the input disturbance  

vector are the correct dimensional constant matrices. Holding D=V=0 will ignore the variation term and extrinsic 

data of the state space equation in order to design the PI pitch controller (12). The condition vector XT can be 

represented as 

X =    X wf  ,  Xmech                      

 

            Where Xwf and Xmech are structures include wind farm vectors and hydraulic wind turbine structures, 

respectively. The Eigen value analysis was performed for the wind farm system as represented by its state-space 

model (12) without taking into account pitch-angle monitoring to determine machine stability and the result obtained 

are as shown in Table 1. In fact, the second column of Table 1 lists the analysis system eigen values at the wind 
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speed of Vw = 9 m/s in which its eigen values are displayed 1 − 10 
represent the electrical modes associated with 

Xwf and the eigen values 11 − 21 
represent the mechanical modes associated with Xmech. From the Table 1, It is noted 

that all the system eigen values studied are positioned mostly on left hand side of the S- plane (Sampathkumar, 2020; 

Shankar, 2020; Garikapati,P, 2020) The system eigen values , however are close to the imaginary axis and need to be 

further enhanced by the pitch angle controller which can be designed using the pole positioning method as addressed 

below. 

 

3.3 PI pitch –angle control Modelling 

          It is seen that deviation between PMEAS and PSET results in the active power error deviation (PERR). As a result, 

the PI controller employed PERR as a feedback signal to produce a pitch angle signal () to boost the damping 

characteristics of the modes. (11, 12) described in Table1. Therefore the output signal in equation (12) can be 

modified as: 

 

   Y = PERR                                                                          (13) 
and 

                             U =                                (14) 

 

           It's the vector input. The H(s) transfer function of PI controller in the s-domain is given by 

        (15) 

           Where KP and KI are the gains from PI Controller. Two unknowns concerning the PI controller KP and KI can 

be determined through the use of modal theory of control. The primary step to achieve the Laplace transformation of 

equations (12)-(14) this is to acquire governing equations in the S-Domain.  

                                                U (s) = Y(s)*H(s) = CX(s)*H(s)        (16) 

 

   Combining equations (14)-(16) 

 

     sX(s) = { A+ B [ H(s)*C(s)]} X(s)     (17) 

 
     The device with closed loop system consist of PI controller’s characteristic equation is given by 

       detsI − A + BH (s) C  = 0  (18) 

     Since the PI controller includes the wind turbine generator system being studied constitutes a (SISO), equation (18) 

is a vector quantity consequently. The Proportional Integral controller gain (KP & KI) can be identified by substituting 

in to equation pre-specified complex pairs combine their own values with the allocated poles (18). Table 1 third 

section addresses the Eigen values with PI controller for the wind turbine being studied. Clearly it can be noticed that 

11, 12 has been exactly placed on the complex plane’s desired position. This improved the damping ratio of 11, 12 

(shown in brackets) has been improved from 0.217 to 0.222. 

 

 

 

 

Table 1 the studied wind farm Eigen values (rad/sec) under the speed of 9 m/s 
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Eigen value No. WF without pitch angle controller WF with PI pitch angle controller 
 

1,2 

3,4 

   5 

6,7 

8,9 

10 

−251.32  j514.37 

−86.66  j688.65 

−491.76 

−87.99  j688.16 

−11.56  j23.59 

    −34.84 

   −251 j514 

 

−86.7  j689 

 

-92 

−88  j688 

   −11.6  j23.6 

  −34.8 
 

11,12 

   13,14 

 

15 

16,17 

 

18,19 

20,21 

−1.75  j7.89 [0.217] 

−23.97  j432.47 

−2.72 

−22.04  j432.25 

−2.57  j9.78 

      − 4.54 

−1.9  j8.33* [0.222] 

−24  j432 

 

 

−2.73 

−22  j432 

 

 −2.57  j9.78 

    − 4.54 

22 ---- − 0.978 

 

* denotes the exactly assigned Eigen values 

 

3.4 Hybrid pitch angle controller 

 

        The output active power of Synchronous compensated Induction Generator is compared with reference active 

power and their power difference from FLC is provided as an input to hybrid controller 

 

 

Figure 6 Proposed Controller Using Fuzzy Logic 

                        KPh = KP + kp                                       (19) 

                                                                           KIh = KI + ki                   (20) 

          The Hybrid controller provides, along with gains, the required pitch angle command signal. The original 

foundation values are known as KP and KI. The efficiency of the wind turbine can indeed be achieved with the simple 
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values of KP=3.6 and KI=28 respectively, using modal static optimization principles. The attempt was made with the 

commitment that KPh and KIh values achieve desirable values across the baseline values as  

According to the convergence of active power calculation (PMEAS) to set and reference active power (PSET) with 

minimal reaction fluctuation, as quickly as possible. 

 

4. Performance of the hybrid controller under Disturbances 

           The results of developed nonlinear system simulation model in Section 2 are discussed and compared with the 

damping properties of the proposed system with PI motor applied. Under disrupted conditions Stability performance 

of the hybrid operated wind farm were studied. 

4.1 SC Fault at Grid side 

           On the grid side a Short circuit fault shall be applied for a 10s duration and fault cleared in a time period of 
10.05s. Figure 7 shows the various transient responses were obtained in wind farm. The figure provides the 

information that all quantities will be dropped to lower values during the fault. However when the fault is cleared all 
quantities are returned with oscillations to their steady state conditions. Hence it proves that the proposed controller 

model provides an excellent damping in comparison to traditional PI and FLC. 

          Specially, Figure7 (e) displays the pitch angle profile of the wind turbine with traditional PI, Fuzzy logic and 
hybrid angle controller. Similar to the PI and Fuzzy logic controllers, the hybrid controller pitch angle has retained a 

relatively stable pitch angle. (i) In order to reduce the oscillations in the wind farm, Figs. 7(f) and (g) exhibit the 

variations in the gains (KPh 
and KIh 

) during malfunction of the hybrid pitch-angle controller. 

          The findings described in Table 2 displays that the pitch hybrid-angle controller outperforms the traditional 
pitch controller by more efficiently minimizing all of the systems quantities under the predominant transient 

conditions in the ac grid (e.g. a three phase-fault condition) 
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Figure 7 Transient responses of the studied system under the three phase fault condition (a) IG active power. (b) IG 

reactive power. (c) IG rotor speed. (d) IG current (e) pitch angle. (f) Profile of KPh . (g) Profile of KIh . 

Table 2 Maximum deviation in the quantities of the studied system under the transient fault disturbance 

Quantities PI Controller FLC Controller Hybrid Controller 

ΔP 0.1116 0.1099 0.0998 

ΔQ 0.1572 0.1523 0.1486 

ΔI 0.1676 0.1608 0.1581 

IG speed 0.0022 0.0020 0.0019 

pitch angle 2.4010 2.4257 2.3189 

5. Conclusion 

          This work proposed PI plus fuzzy logic controller (hybrid) for analyzed system under various disturbances and 

fault conditions to diminish the power fluctuations. The traditional PI controller is implemented using pole placement 

technique. Now the gain of the PI controller can be increased or decreased using Fuzzy logic controller according to 

operational requirements of system. In addition to that proposed hybrid controller, conventional PI and fuzzy logic 

controller are also employed in order to demonstrate its applicability. All the controllers are tremendously operating 

with pitch angle controller. However, the proposed hybrid pitch angle controller has provides excellent results 

compared to conventional controller. 
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