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Abstract – In this paper an application of centralized pitch angle controller for fixed speed 
wind turbines based wind farm to mitigate load frequency fluctuation is presented. 
Reference signal for the pitch angle of each wind turbine is calculated by using proposed 
centralized control system based on wind speed information. The wind farm in the model 
system is connected to a multi machine power system which is composed of 4 synchronous 
generators and a load. Simulation analyses have been carried out to investigate the 
performance of the controller using real wind speed data. It is concluded that the load 
frequency of the system can be controlled smoothly. 
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1. Introduction 
 

Due to the limitation of the fossil fuels and their 
harmful influent on the environment, recently the 
concentration on renewable energy sources has been 
increasing all over the world. Wind energy is one of 
promising renewable energy resource to be converted into 
electrical power compared to the others resources such as 
biogas, solar, and geothermal. Global Wind Energy Council 
(GWEC) has predicted that global wind power generation 
capacity will reach to 459 GW and new capacity of 62.5 
GW will be added to the global total at the end of 2015 [1]. 
Moreover, many countries have been planning to use 10% 
of their electricity demand from wind energy until 2020 [2]. 

It is well known that the wind generator output can 
have an influence on a power system frequency due to wind 
speed variations.  The frequency in the power system is 
stable when the electrical demand plus the electrical losses 
equal the electrical generation in the system. An imbalance 
between power generation and demand can cause deviation 
on the grid frequency. As the frequency stability is an 
essential aspect of the power system security. The power 
system operators have to revise their grid connection re-
quirements especially about reliability of their power 
system [3]. Therefore it is important to design a suitable 
control strategy for smoothing power production of wind 
farm when it is connected to main grid. 

Traditionally, the frequency oscillation is damped by 
using conventional power plants with synchronous 
generators, which are equipped with power system 
stabilizers. Power system stabilization with synchronous 
generators is an established technology, which is applied all 
over the world [4]. 

In general, the Fixed Speed Wind Turbines with 
Squirrel Cage Induction Generator (FSWT-SCIG) is most 
widely used in wind farms. This type of wind turbine is 
very popular and it has the advantages of mechanical 
simplicity, low specific mass, robust construction, and low 
cost [5]. However, the controller of this type wind turbine is 
only equipped with conventional blade pitch angle. The 
conventional pitch controller is used, in general, to maintain 
the output power of the wind generator at its rated level 
when the wind speed is over the rated speed. However the 
output power from the wind farm cannot be controlled 
smoothly by using the conventional method.  

Some methods have been proposed in order to smooth 
wind power fluctuations. In [6, 7], a flywheel energy 
storage system is proposed for smoothing wind farm output, 
but the flywheel energy system has complicated control 
strategy. Utilization of Flexible AC Transmission System 
(FACT) devices such as Static Synchronous Compensator 
(STATCOM), Static Var Compensator (SVC), and Unified 
Power Flow Controller (UPFC) have become the better 
choice due to their advantages of flexible power flow 
control and good damping solution for power system 
dynamic oscillations [8, 10]. Superconducting Magnetic 
Energy Storage (SMES) and Battery Energy Storage 
System (BESS) integrated with a STATCOM are a very 
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good system for wind power smoothing due to its response 
speed and high efficiency [11-13].  However, the system 
overall cost will increase when the devices are installed in 
the wind farm. 

SMA (Simple Moving Average) and EMA 
(Exponential Moving Average) methods have been 
proposed to control pitch controller of the FSWT-ICIG 
based wind farm in order to reduce load frequency 
fluctuation [14]. In this concept, the reference output of 
wind generator is determined by using moving average of 
wind speed. Therefore, the oscillating components in the 
wind turbine output can be smoothed. However, the wind 
farm is operated by using the conventional pitch controller 
when the load is heavy during daytime and the farm is 
operated by the proposed controller when the load is light 
during midnight. 
 

Fig. 1.  Model System 
 

In this paper, a novel pitch control system is proposed 
to smooth wind farm output power. The control system is 
designed in the central management system, which 
determines the power reference set point for each wind 
generators. By this system, the output power can be 
controlled smoothly as well as mitigate load frequency 
fluctuation. The proposed method has the advantage of low 
cost compared with other smoothing methods using energy 
storage systems because the pitch control system is 
equipped in most present wind turbines. In addition, the 
pitch control method can be simply switched from the 
conventional method to the proposed one. The simulation 
studies have been performed using PSCAD/EMTDC. 

Table1. Parameters of Generators 
Induction Generator 
 Squirrel cage type (IG1 to IG 5) 

MVA 10 (each) 20 (each) 
R1 [pu] 0.01 
X1 [pu] 0.1 
Xm [pu] 3.5 
R2 [pu] 0.01 
X2 [pu] 0.12 
2H [sec] 1.5 
Synchronous Generator 

 Salient pole type 
(SG1) 

Cylindrical type 
SG2 SG3 SG4 

MVA 300 200 300 300 
Xd [pu] 1.2 2.11 
Xq [pu] 0.7 2.02 
H [sec] 5 4 

 
 

2. Power System Model 
 

The model system used in the simulation analyses is 
shown in Fig. 1. The model system consists of a wind farm 
(WF), a hydro power plant, SG1, with a salient pole 
synchronous generator (HG), two thermal power plants, 
SG2 and SG3, with cylindrical rotor synchronous generator 
(TG), a nuclear power plant, NG, with cylindrical rotor 
synchronous generator (SG4), and a static load rated at 
1000 MVA. SG1 and SG2 are operated under Load 
Frequency Control (LFC), SG3 is under Governor Free 
(GF) and SG4 is under Load Limit (L.L). LFC is used to 
control frequency fluctuations with a long period more than 
a few minutes, and GF is used to control fluctuations with a 
short period less than a minute. LL is used to output 
constant power. 

The wind farm consists of five fixed speed wind 
turbine type with induction generators (IG1 to IG5). XC 
and QC are capacitor banks. XC is used at the terminal of 
wind farm to compensate the reactive power demand at 
steady state. QC issued at the terminal of load to 
compensate the voltage drop due to the impedance of 
transmission lines. Core saturations of induction generator 
and synchronous generators are not considered in the 
analysis. Parameters of IG and SG are shown in Table I. 

The centralized pitch angle control system is used to 
control the blade angle all of the wind turbines. The wind 
speed information from each wind turbines (Vw1 to Vw5) 
and load frequency (fload) are collected in order to obtain 
the power reference for each wind turbine (Pset1to Pset5). 
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3. Wind Turbine Model 
 

In this paper, the MOD-2 characteristic is used for the 
wind turbine model [15]. Modeling expression of MOD-2 is 
given as follows. The captured power from the wind can be 
obtained from Eq. (1). Tip speed ratio, l , and power 
coefficient, CP, can be expressed as Eq. (2) and Eq. (3). 
Since CP is expressed in feet and mile, G  is corrected as 
Eq. (4). 
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The torque coefficient and the wind turbine torque are 

shown as follows. 
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where, Pwt is wind turbine output [W], R is the radius 
of the blade [m], ωwtb is wind turbine angular speed [rad/s], 
β is blade pitch angle [deg], Vw is wind speed [m/s], ρ is air 
density [kg/m3], and  τM is wind turbine output torque 
[Nm]. 
 

 
Fig. 2.  Wind Turbine characteristic 

 
Cp is the power factor, and the parameters which 

characterize the windmill. The power coefficient Cp 
characteristic graph according to the convergence ratio of λ 
is shown in Fig 2. 
 
 

4. Synchronous Generator Model 
 
4.1 Governor Model 
 

The governor is a device that automatically adjusts the 
generator output and the rotational speed of the turbine. 
When the load is constant, the turbine is operated at a 
constant rotational speed. However, when the load changes, 
balance between the generator output and the load is not 
maintained, and then the rotational speed changes. When 
the load is removed, the governor detects the increase of the 
rotational speed and the valve is closed rapidly, and thus an 
abnormal speed increase of the generator is prevented. 

The governor models for SG 1 to SG4 used in this 
simulation are shown in Fig. 3 and Fig. 4 [16]. The values 
of 65M and 77M are shown in Table II, where, PLM for 
SG3 is set 5[%] and for SG4 -20[%] because the nuclear 
generator output (SG4) is constant output (L.L, load limit 
operation). 
 
where,  
Sg: the revolution speed deviation [pu] 
65M: the initial output [pu] 
77M: the load limits (65M + rated MW output × PLM [%]). 
PLM: the spare governor operation [%]  
Pm: the turbine output [pu] 
Sg for SG1 and SG2 is set zero because these generators are 
operated under LFC to control frequency fluctuations with 
a long period. 
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Fig. 3.  Hydro governor model 
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Fig. 4.  Thermal and nuclear governor model 
 
Table 2. Values of 65M and 77M 

SG1(Hydro) SG2(Thermal) 

Frequency 
control 65M 77M 

Frequency 
control 65M 77M 

LFC LFC 
signal 

1 LFC LFC 
signal 

1 

SG3(Thermal) SG4(Nuclear) 
Frequency 
control 

65M 77M Frequency 
control 

65M 77M 

G.F 0.8 0.84 L.L 0.96 0.8 
 
4.2 Automatic voltage regulator (AVR) 
 

To keep the voltage of the synchronous generator 
constant, AVR is needed. In this simulation analyses, the 
AVR is expressed by a first order time delay system. AVR 
model is shown in Fig. 5. Parameters of AVR are shown in 
Table3. 
 

1+sTerminal Voltage

1.05

-

+

Field Voltage

 
Fig. 5. AVR model 

 
Table 3. Parameters of AVR 

Gain AK  400 

Time Constant AT  [sec] 0.02 
 

4.3 Load Frequency Control Model 
 

The Load Frequency Control (LFC) sends the output 
value signal to each power plant after detecting frequency 
deviations. Then, governor output value (65M) of each 
power plant is changed by LFC signal, and the power plant 
output is changed. The frequency deviation is input into 
Low Pass Filter (LPF) to remove fluctuations with short 
period because the LFC is used to control frequency 
fluctuations with a long period. The LFC model is shown in 
Fig. 6.  
where,  
Tc :  LFC period = 200[s] 
ωc :  LFC frequency = 1/Tc = 0.005[Hz] 
ζ :   damping ratio = 1. 
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Fig. 6.  LFC model 
 

           
Fig. 7.  The Centralized pitch angle control 
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G
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Fig. 8.  Calculation method 
 
 

5. Centralized Pitch Angle Control 
 

Details of the centralized pitch angle control system 
are shown in Fig.7. In order to damp load frequency 
oscillations, the wind turbine power output is controlled in 
such way by increasing and reducing its power output when 
the load frequency is low and high. If the frequency of the 
load system (fload) deviates from the frequency set point 
(fset) of 50 Hz, the frequency error causes a power signal 
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Pdiff. The Pdiff is added to the each power reference 
(Prefn) in order to obtain the power set point (Psetn).  The 
control loop of the pitch actuator is represented by a first-
order transfer function with an actuator time constant 
(Ts=5) and the pitch rate limiter of 10 deg/s. A classical PI 
controller is used to manage tracking error. In Fixed Speed 
Wind Turbine the pitch controller is used to regulate power 
output of IG under power set point. 

In this paper, the power reference for each wind 
turbine is calculated using the method as described in Ref. 
[17]. The block diagram of the method is shown in Fig. 8. 
The power captured of wind turbines (P1, P2, P3, P4, and 
P5) are calculated by using eq. 1 to eq. 6 based on the wind 
speed information from each wind turbines (Vw1 to Vw5). 
The wind turbine power outputs (P1, P2, P3, P4, and P5) 
are added in order to obtain the total power output of the 
wind turbine (Psum). The low pass filter is used for 
smoothing power output of wind turbines. By using eq. 7 
the power references of each wind turbine is obtained. 

 

    (7) 
 

In order to mitigate grid frequency oscillations, pitch 
controller of the wind turbine controls increasing and 
reducing the generator power output when the grid 
frequency is low and high, respectively. Fig. 9 shows the 
frequency control loop system of the wind turbine. If the 
frequency of the power system (fload) deviates from the set 
point, (fset), the frequency error causes a power signal Pdiff, 
which acts as set point on the closed power control loop 
contributing to the power error signal. 

 
Fig. 9.  The frequency control loop of the wind turbine 

 
 

6. Simulation Results 
 

Simulation analyses have been carried out to 
investigate the performance of the proposed pitch control 
system. The simulation has been performed by using 
PSCAD/EMTDC with simulation time is 600 [sec]. The 
real wind speed data used in the simulation analysis is 
shown in Fig. 10. Figs. 11 to 15 show the pitch angle 
responses of wind turbines obtained from conventional and 

proposed pitch control systems where “DLP pitch” means 
the proposed system. Fig. 16 shows power output of the 
wind farm. It is seen that output power is controlled 
smoothly by using the new proposed method. Therefore the 
frequency fluctuation of the power system can be damped 
effectively as shown in Fig. 17.  
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Fig. 10.  Wind speed data 
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Fig. 11.  Pitch angle response of IG1 
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Fig. 12.  Pitch angle response of IG2 
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Fig. 13.  Pitch angle response of IG3 
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Fig. 14.  Pitch angle response of IG4 
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Fig. 15.  Pitch angle response of IG5 
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Fig.16. Power output of the wind farm 
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Fig. 17.  Frequency response of the power system 

 
 

7. Conclusion 
 

New pitch control system of wind farm for smoothing 
power production has been presented. Simulation analyses 
have been carried out to investigate the performance of the 
proposed method with using real wind speed. The 
comparison between conventional and proposed pitch 

control systems is also investigated. It can be concluded 
that power output of the wind farm can be controlled 
smoothly. Hence the frequency fluctuation can be damped 
effectively.   
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