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Control of Wind Energy Conversion System 
under Typhoon Landed Conditions 

Dr.D.Chandra Sekhar, Veerala Geetha  

Abstract— This paper presents control approach for the PMSG based WECS under a wide range of wind speeds. Generally most of the wind tur-
bines are turned-off & disconnected from the power grid, in case wind velocity is over 25m/s. This project uses pitch angle controller and rotational 
speed control systems that the PMSG based WECS can generate power if the speed are above 25m/s. The proposed method reduces mechani-
cal stresses of the wind turbine by preferential reducing of the rotational speed rather than the mechanical torque during strong wind conditions. 
The chance of turning off is reduced compared to the conventional control system because the PMSG based WECS can temporarily tolerate the 
wind speed up to 35m/s.      

Index Terms— Grid Side Converter (GSC), Insulated Gate Bipolar Transistors (IGBT), Machine-Side Converter (MSC), MPPT control , 

PI controller , PMSG based WECS, Variable-Speed Wind Turbine (VSWT). 
 

——————————      —————————— 

1 INTRODUCTION                                                                     

THIS document is a Consumption of fossil fuels for generating 

electric power causes environmental pollutions and possible 

global warming. Alternatively, electric power generation by 

the nuclear power plants is risky due to the unreliable behav-

ior of the plant and the possible challenges of nuclear waste 

dumping. Therefore, electric power generation using renewa-

ble energies are gaining huge momentum around the world. 

Common sources of renewable energies are wind power, solar 

energy, hydropower, bio-fuel and so on. Among them, WECS 

has the largest market share and is expected to maintain rapid 

growth in the coming years.  

Usually, WECS uses two types of wind turbines: Variable-

Speed Wind Turbine (VSWT) and Fixed Speed Wind Turbine 

(FSWT). The VSWTs have many advantages such as Maximum 

Power Point Tracking (MPPT) during operation, better per-

formance and control of the power output. In recent years, the 

use of VSWTs with the PMSGs have been increased because of 

their higher efficiency, simpler structure and easy maintenance 

compared to the other generators. 

 Generally, the AC-DC-AC power conversion system is uti-

lized as the basic topology for the PMSG based WECS. This 

kind of topology does not require synchronizing the rotational 

speed with the grid frequency. Also, the gearbox can be omit-

ted for the directly driven operation of the PMSG. Therefore, a 

PMSG based WECS with AC-DC-AC conversion circuit is a 

subject of research in this paper, specially its operation in the 

strong wind conditions. Mechanical stress due to strong wind 

conditions is one of the operational challenges for WECS. Ja-

pan is a typhoon prone country, more specifically Okinawa 

prefecture of Japan faces one average 11 typhoons every year. 

When the wind speed exceeds 25 m/s, most wind turbines 

stop the power generation and are shut down. It reduces ener-

gy utilization efficiency of the WECS. In addition, shutting 

down of the large wind turbine or wind farm causes severe 

frequency fluctuations which may lead to the power system 

instability and a cascaded failure. 

 In an adaptive control strategy is proposed for reducing ex-

treme loads and fatigues of the wind turbine when operated 

under high wind speeds. However, as the wind turbine is op-

erated at the rated speed in the high wind conditions, it could 

be a matter of safety concern. As the cause of main mechanical 

stress is centrifugal force rather than the wind pressure, unex-

pected rise in the rotational speed warrants a serious caution. 

An Artificial Neural Network (ANN) based pitch angle control 

is developed in. It can operate in the wide range of wind 

speed, however; mechanical stress at the high wind speeds is 

not considered in the development of the pitch angle control-

ler. 

 Considering the research gaps of and, a novel control strategy 

for the PMSG based WECS is presented in this paper. The 

novelty lies within the consideration that the proposed control 

strategy reduced mechanical loads the wind turbine by a pref-

erential reduction of the rotation speeds and not by reducing 

the mechanical torque during strong wind conditions. In the 

proposed method, the PMSG based WECS can temporarily 

tolerate wind speed up to 35 m/s. As a result, the WECS can 

generate power during strong wind conditions which is im-

portant for a typhoon prone area like Okinawa. Performance 

of the proposed control system is verified via numerical simu-

lation results obtained in the MATLAB/Sim Power Systems 

environment. 

2 Wind Energy Conversion Systems 

2.1 Wind Energy Conversion System  

A generic single line diagram of a PMSG based WECS 

is shown in fig (2.1) .Wind energy is converted to variable fre-

quency electric power by the PMSG. This power is supplied to 

the grid after converting it to a fixed frequency electric power 

via the AC-DC-AC conversion systems which comprises of a 

Machine-Side Converter (MSC) and a Grid Side Converter 

(GSC) connected by a DC-link capacitor. The GSC controls the 

rotational speed, as well as the output power of the PMSG. 

The system after the DC link is modeled as a voltage source 

 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 11, Issue 2, February-2020                                                                                                    178 

ISSN 2229-5518  

 

IJSER © 2020 

http://www.ijser.org  

because the system is the same as a conventional system.  

 
Fig.2.1. Line Diagram of a PMSG based WECS  

 

2.2 Wind Turbine Model 

Fig.2.2 shows the wind turbine and the PMSG mod-

els. The wind turbine converts wind energy to mechanical 

power Pw. The mechanical power Pw extracted from the wind 

is expressed as: 

 
Where Cp is the power coefficient of the wind tur-

bine, k = ymR/Vw is the tip speed ratio, ym is the wind turbine 

mechanical rotational speed, b is the pitch angle, q is the air 

density, R is the radius of the wind turbine blades and Vw is 

the wind velocity.  

The wind turbine input mechanical torque Tm is given by: 

 
and the power coefficient of wind turbine Cp is given by the 

following equations  

 
 

 
Fig.2.2. Block Diagram of Wind Turbine Model 

2.3 PMSG Model 

The mathematical model of a PMSG is the same as the 

Permanent Magnet Synchronous Motor (PMSM). PMSG is 

modeled in the synchronous d-q frames by the following volt-

age and electrical torque equations; 

 
where vd is the d-axis voltage and vq is the q-axis volt-

age, id is the d-axis current and iq is the q-axis current, Ra is the 

stator resistance, Ld is the d-axis inductance and Lq is the q-axis 

inductance, ye is the electrical rotational speed, K is the mag-

netic flux, and p is the number of pole pairs. The motion equa-

tion is expressed as the following; 

 
2.4 Configuration of The Control Systems 

The MSC is comprised of six Insulated Gate Bipolar 

Transistors (IGBT) which are switched ON/OFF by using the 

triangular-wave PWM method. The control is based on the 

measurements of wind speed, generator voltages, currents, 

and rotational speed. Although, wind speed measurement in 

WECS control is not recommended. However, appropriate 

output power is defined based on the measured wind speed in 

this research. This is because determination of the operating 

area is important to ensure safety in the strong wind condi-

tion. Naturally, typical wind speed estimation can be also ap-

plied to the system as in. An anemometer is used for simplici-

ty in this paper. The details of both control systems are de-

scribed in the following subsections.  

 
Fig.2.4. Configuration of proposed converter control system 

 

 

2.4.1 Rotational speed and torque control  
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System 

The rotational speed and torque control systems are shown in 

Fig. 2.4. The error between the reference rotational speed and 

measured rotational speed is processed through a PI control-

ler. The controller generates the q-axis reference current Id-q. 

Output power characteristics of the WECS are depicted in 

Fig.2.4.5. Dots represent maximum power points for the dis-

crete steps in wind speed. Each power curve contains the op-

timal rotational speed yopt corresponds to maximum wind 

power generation. In MPPT control area (Region 2), the pitch 

angle b is set to 2◦. Here, the optimal rotational speed yopt is 

represented by optimal tip speed ratio kopt and wind velocity 

Vw as follows: 

opt=optVW        (9) 

If the rotational speed ym is equal to the optimal rota-

tional speed yopt, the output power will be maximum. In this 

paper, a salient-pole type PMSG is used. In order to achieve 

the maximum torque from the PMSG, the d-axis reference cur-

rent Id is determined by the above equation. 

2.4.2. Active power control system 

The active power control system is shown in Fig. 2.4.2 The 

reference rotational speed Yw is the sum of the rated rotation-

al speed yrated and the output of the PI based power control-

ler. This output is a correction value to compensate the per-

formance of the power tracking reference. The controller is 

used for the rated power control (Region 3) and power sup-

pression control (Region 4). In Region 3, the reference power 

Pw is equal to the rated power Prated. In Region 4, the output 

command value is decreased linearly according to the increase 

in the wind speed. A sudden disconnection from the power 

system is prevented and the operating region of the wind 

speed is considered up to 35 

m/s.

 
Fig.2.4.2. Active Power Control 

2.4.3 dq-Axis current control system 

The dq-axis current control system is shown in Fig. 

2.4. This a decoupling based synchronous frame PI controller 

where the d-axis and q-axis current errors are processed 

though the respective PI controllers. Then decoupling terms 

are added or subtracted to produce d-axis and q-axis reference 

voltages V-dq. 

 
Fig.2.4.3. dq-Axis Current Control 

2.4.4 Pitch angle control system 

The pitch angle control is applied for Regions 3 and 4 

as it needed for the output power control. The conventional 

pitch angle control system is shown in Fig.2.4.4 In this meth-

od, the output power of the PMSG is controlled by using only 

the pitch angle control system. The pitch angle command val-

ue bCMD is obtained from the PI controller. Input of the PI 

controller is the deviation between the power command value 

Pw and the measured output power P. The output power 

command value Pw is set as the rated power Prated (2MW) in 

Region 3. The operating mechanism of the pitch angle control 

is realized by a hydraulic servo system. The hydraulic servo 

system has 0.1 s time lag and the operating speed of the pitch 

angle control is ±10◦/s. The tracking speed and accuracy of the 

conventional pitch angle control are not so good as the pitch 

changing speed is slow. The proposed pitch angle controller 

will try to improve the performance. 

 
Fig.2.4.4 (a). Conventional Pitch Angle Control 

The proposed pitch angle control system is shown in 

Fig.2.4.4(a). In this method, reference pitch is correlated with 

wind speed rather than the power. The pitch angle reference 

bw in the Regions 3 and 4 is determined by a lookup table as 

shown in Fig.2.4.4(b). The pitch angle reference is designed so 

that it makes the rotational speed lower than the rated rota-

tional speed. When the wind speed is more than 25 m/s, the 

rotational speed is sufficiently reduced. However, excessive 

reduction in rotational speed requires small pitch angles and 

excessive mechanical torques. Hence, the balance of stresses 

due to centrifugal force and mechanical torque are regulated 

by the proposed pitch angle reference. 

 
Fig.2.4.4 (b).Proposed Pitch Angle Control 

2.4.5 Control strategy of power generation 

shows a typical WECS output power curve for the 
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conventional and proposed controls with respect to the pitch 

angle. First the conventional control strategy is described. The 

dotted line on Fig.2.4.5. indicates the conventional control 

strategy. When the wind velocity is between 5 and 12 m/s, 

MPPT control is utilized for the WECS to generate maximum 

power. The MPPT control is performed by controlling the rota-

tional speed due to adjusting the duty ratio of the MSC as well 

as the generator currents. The pitch angle control is activated 

so that the output power remains constant at the rated power 

when the wind velocity is between 12 and 25 m/s. If the wind 

velocity reaches 25 m/s, the wind generator is turned-off, and 

the pitch angle is set as 90◦. In general, if the averaged wind 

velocity over 10 min is more than 25 m/s or the averaged wind 

velocity averaged over 3 s is more than 30 m/s, the wind gen-

eration is forced to switch-off. Next, the proposed control 

strategy is described. 

Indicates the proposed control strategy for power 

generation as a solid line. Moreover, the wind speed ranges 

are shown as Regions 1, 2, 3, and 4. In Region 2, the proposed 

control method is same as the conventional method. In Region 

3, not only the pitch angle control but also rotational speed 

control are adopted for the WECS. The hybrid control enables 

high-precision output control. The proposed method can en-

sure safety in strong wind conditions because it decreases the 

rotation speed as the wind speed increases.  

 
Fig.2.4.5. Output Control Strategy  

The main stresses on the wind turbine are aerody-

namic loads on the blade and centrifugal force. Particularly, 

the centrifugal force is a product of rotational velocity squared 

and mass, which always acts radial outward, hence the raised 

load demands of higher tip speeds. Therefore, the proposed 

method preferentially reduces the rotational speed rather than 

the mechanical torque during the strong wind condition. As a 

result, the allowable condition of power generation can tem-

porarily reach up to the wind speed from 25 m/s to 35 m/s in 

Region 4 because the proposed control significantly reduces 

the power coefficient and the centrifugal force. In other words, 

the power generation is continued until the averaged wind 

velocity over 10 min exceeds 30 m/s or the averaged wind ve-

locity over 3 s exceeds 35 m/s which helps to improve the 

overall efficiency of the PMSG based WECS. 

3 Simulation And Results 

In this section, the conventional and proposed meth-

ods are compared based on same conditions. Note that the 

same conditions mean that the wind velocity, PMSG parame-

ters, wind turbine parameters and parameters of PI controller 

are same in both models. These parameters of PI controller are 

chosen by empirical knowledge. Table 1 shows the parameters 

of the wind turbine and PMSG. In Operation of wind turbine 

under a linear wind velocity, conventional and proposed 

methods are compared under a linear wind velocity with 

small oscillations as shown in Fig. 9a and the simulation re-

sults are shown for all the operating regions. In Operation of 

wind turbine under a wind velocity when a typhoon is landed, 

these two methods are compared under a wind velocity when 

the typhoon is landed as shown in Fig. 9b. Therefore, the real-

istic behaviour of wind turbines is demonstrated. 

3.1 Simulation Parameters  

 

Parameters of wind turbine 

Blade radius R 38m 

Air density q 1.205 kg/m3 

Rated wind speed Vw rated 12 m/s 

Optimal tip speed ratio kopt 0.187 

Parameters of PMSG 

Rated output Prated 2MW 

Resistance Ra 50 lY 

d axis inductance Ld 5.5mH 

q axis inductance Lq 3.75mH 

Number of pole pairs p 11 

Field flux K 136.25V• s/rad 

Inertia J 10,000 kg •m2 

Table 3.1. Simulation Parameters  

3.2 Operation of Wind Turbine Under A Linear Wind Veloci-

ty 

The wind speed increases from 8 to 35 m/s as shown 

in Fig.3.2(a). Therefore, it satisfies all the operating regions of 

WECSs. In Region 2, both models perform the MPPT control. 

In Region 3, the output power with the conventional system 

follows the reference with oscillations because it is controlled 

by only pitch angle control. However, the output power with 

the proposed control exactly follows its reference. This is due 

to the employment of not only pitch angle control but also 

rotational speed control. In Region 4, the generated power 

with the conventional system is suddenly dropped when wind 

velocity exceeds 25 m/s. On the other hand, the generated 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 11, Issue 2, February-2020                                                                                                    181 

ISSN 2229-5518  

 

IJSER © 2020 

http://www.ijser.org  

power with the proposed system is suppressed to less than the 

rated power and generation is continued In Region 2, both 

mechanical rotational speeds are same because the same 

MPPT control is applied. In Region 3, the mechanical rotation-

al speed with the conventional method is constant. Converse-

ly, the proposed method controls the rotational speed to accu-

rately adjust the generated power. Furthermore, it can ensure 

safety because the rotation speed is decreased in strong wind 

conditions to suppress 

 
Fig.3.2 (a). Linear wind velocity with small oscillations  

3.2.1. Results for Small wind Conditions  

4. Conclusion 

This paper describes a control method for the PMSG 

based WECS under strong wind conditions. Conventional 

control methods compared with the proposed control 

method considering same conditions and system parame-

ters. In the MPPT control area, both conventional and 

proposed systems have shown similar performances. 

When the wind turbine is controlled at the rated power, 

the power fluctuation occurs with the conventional meth-

od. This is because; it is controlled by only the pitch angle 

control system with some delays. In the proposed method, 

both pitch angle and rotational speed control methods are 

designed for the wide-wind range of wind velocity. As a 

result, the output power is controlled with high accuracy 

by using the proposed method. In addition, the proposed 

method preferentially reduces the rotational speed rather 

than the mechanical torque in order to reduce the power 

coefficient and the centrifugal force during the strong 

wind conditions. For this reason, the allowable condition 

of power generation can temporarily reach up to the wind 

speed of 35 m/s. Therefore, it can be said that the PMSG 

based WECS with the proposed control method can avoid 

a sudden cut-off from the power grid during strong wind 

conditions as well as can continue to generate power in 

the typhoon prone area. However, if the wind speed goes 

above the 35 m/s the  time to bring appropriate load-

frequency control action rather than sudden generation 

curtailment. 
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