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Abstract - This paper presents the modelling and performance 

analysis of a standalone Wind system in the MatLAB/Simulink 

environment. Stand-alone systems using renewable energy 

sources, such as Wind energy with storage battery banks are 

commonly used to LED Lights. The model of Wind turbine is 

developed using basic circuit equations governing the operation 

of the Wind turbine. Permanent Magnet Synchronous 

Generator (PMSG), which is based on variable-speed operation 

has been used in this paper. Since the speed of Wind turbine is 

variable, the generator is controlled by power electronic 

devices. A rectifier is used to rectify the output voltage of 

PMSG and DC/DC buck converter is used to decrease this 

rectified voltage to that of battery and connected DC load. The 

buck converter is controlled to extract the maximum power 

output of Wind system. Here the PID Controller is used to 

extract the Maximum power from the Wind turbine. 

Performance Parameter are calculated for the proposed system 

and the result are verified in MatLAB/Simulink. 

 

Keywords : Permanent Magnet Synchronous Generator (PMSG), 

Buck converter, Proportional, Integral and Differential (PID) 

controller, Maximum Power Point Tracking (MPPT). 

 

I. INTRODUCTION 

     Wind energy is a source of renewable power which 

comes from air current flowing across the earth's surface. 

Wind turbines harvest this kinetic energy and convert it into 

power. Wind generation is one of the fastest growing 

sources of electricity and one of the fastest growing markets 

in the world today. The advantages of Wind energy are 

numerous and clear, and the technology itself has taken a 

leap forward in recent years Standalone Wind generation 

system offers a feasible solution to distribute power 

generation for isolated localities where utility grids are not 

available. It is also free from pollution what makes it more 

attractive. The common types of AC generator that are 

possible candidates in modern Wind turbine systems are as 

follows: Squirrel-Cage rotor Induction Generator, Wound-

Rotor Induction Generator (SCIG), Doubly-Fed Induction 

Generator (DFIG), Synchronous Generator (With external 

field excitation); and Permanent Magnet Synchronous 

Generator (PMSG) [3]. However, in this paper the variable 

speed directly driven multi pole permanent magnet 

synchronous generator (PMSG) Wind architecture is chosen 

for this purpose, it offers better performance due to higher 

efficiency and less maintenance because it does not have 

rotor current. PMSG can be used without a gearbox, which 

implies a reduction of the weight of the nacelle and 

reduction of costs [1]. The main aim of this paper is to 

develop a simulation model of a standalone PMSG Wind 

generation System using MATLAB/SIMULINK system.  

II. WIND TURBINE MODELLING 

     The typical structure of variable speed Wind energy 

conversion system, the system comprises Wind turbine, 

generator, rectifier, Buck converter and Battery. In this 

system, the Wind turbine captures the Wind energy and the 

generator converts it to the electrical power. Then the power 

electronics equipment converts it to the high quality power 

and controls the rotor speed of the generator.  Present The 

power captured from the Wind turbine is given by the 

equation (1).  

                    

              Pw=1/2 Cp ρAVw3                    (1) 

 
Where Cp is the power coefficient,  

ρ is the air density which is equal to 1.225 kg/m3 

 Vw is the Wind speed in m/s  

A is the area swept by the rotor in m2. 

The volume of aerodynamic torque Tw in N-m is given by 

the ratio between the power from the Wind and the turbine 

rotor speed ww in rad/s, as follows  

 

               Tw = Pw/ ww                            (2) 

 
      Mechanical torque transferred to the generator is equal 

to the aerodynamic torque since there is no gearbox. The 

power coefficient Cp has its maximum value equal to 0.593 

which means that the power extracted from the Wind is at 

all times less than 59.3% (Betz’s limit), this is because of 

the various aerodynamic losses depending on rotor 

construction. This performance coefficient model 𝐶𝑃(𝛽, 𝜆) 

used in this theme is taken from [3]. 

 

  𝐶𝑃(𝛽, 𝜆) = 𝐶1(
𝐶2

𝜆𝑖
− 𝐶3𝛽 − 𝐶4)𝑒−𝐶5𝜆𝑖 + 𝐶6𝜆)      (3) 

 
Since this function depends on the Wind turbine rotor type, 

the coefficient c1-c6 and x can be different for various 

turbine designs. The coefficients are equal to: c1 = 0.5, c2 = 

116, c3 = 0.4, c4 = 0, c5 = 5, c6 = 21 (x is not used because 

c4 = 0). Furthermore the parameter is also defined as  

 
1

𝜆𝑖
=

1

𝜆+0.08𝛽
−

0.035

𝛽3+1
                                     (4) 

 
     The simulation of Wind turbine is shown in this Fig. 1. It 

consists of three input such as Generator speed, pitch angle, 

Wind speed, and as output as Torque which is given to the 

generator. The rating of Wind turbine is shown in Table 1. 
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     In this Wind energy conversion system it consists of 

Wind turbine coupled with the permanent magnet 

synchronous generator (PMSG), AC-DC rectifier, buck 

converter. The Wind turbine is the prime mover of the 

Permanent magnet synchronous generator. As the Wind 

velocity is non uniform in nature, the output of PMSG will 

be fluctuating. Therefore it cannot be interfaced directly to 

the load. The output of PMSG is converted to DC using a 

full bridge rectifier and the variable DC is converted 

constant DC by a Buck converter. This constant DC output 

is stored in battery. The rating of Wind energy is shown in 

Table 1. 

 

Table 1 Wind energy system rating 
 

MODEL 

 

 

RATING 

 

Mechanical output 
 

1000 
 

Base power of electrical generator 

 

1000 / 0.9 
 

Base Wind speed (m/s) 
 

12 
 

Maximum power at base Wind speed 

 

0.73 

 

Base rotational speed 
 

1.2 
 

 

 
 

 
Fig. 1Wind turbine circuit 

 

 
       Fig 1(b) Permanent Synchronous Motor 

 

      

    Due to the variations in Wind speed, the output power of 

the Wind turbine PMSG experiences variations in frequency 

and amplitude, By maintain the constant voltage and 

improve the efficiency of Wind turbine is amend by PID 

controller. A controller suitable for DC-DC converter must 

match with their nonlinearity and input voltage and load 

variations, ensuring stability in any operating condition. 

 
Table  2 Wind generator rating 

 
 

      The direct driven Wind turbine concept with multi-pole 

permanent magnet synchronous generator (PMSG) and full-scale 

frequency converter is a promising but not yet very popular Wind 

turbine concept for modern Wind turbines. As a gearbox causes 

greater weight, losses, costs and demands maintenance, a gearless 

structure represents an efficient and robust answer, which could be 

very favourable especially for offshore applications. Moreover, due 

to the permanent magnet excitation of the generator the DC 

excitation system can be eliminated, decreasing again weight, 

losses, costs and maintenance requirements. The efficiency of a 

PMSG Wind turbine is thus assessed to be higher than for other 

concepts. However, the disadvantages of the permanent magnet 

excitation are the still high costs for permanent magnet materials 

and a fixed excitation, which cannot be varied according to the 

working condition requirement. As multi-pole permanent magnet 

generators are low speed applications and generally connected to 

the grid using a frequency converter system, the generator has no 

damper Winding in the rotor core. Moreover, due to the permanent 

excitation a PMSG has no field Windings, in which transient 

currents could be induced or damped respectively. Hence, in case 

of load changes the field Windings would not contribute to 

damping either. As neither a damper nor field Winding exists in a 

PMSG, no transient or sub-transient reactance can be defined for 

the PMSG. i.e.  

                      Xd=Xd' =Xd''                   (5) 

                      Xq=Xq' =Xq''                   (6) 
   where  

         Xd and Xq -synchronous reactance  

         Xd' and Xq' -transient reactance  

         Xd'' and Xq'' -sub-transient reactance  

Nevertheless, as the multi-pole PMSG is used at low speed 

application with slow dynamics, a damper Winding is not as 

much important. However, damping of the system must then 

be applied by the use of converter control. 

 

 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181

Published by, www.ijert.org

ICONNECT - 2k18 Conference Proceedings

Volume 6, Issue 07

Special Issue - 2018

2



III. BUCK WITH PID CONTROLLER 
 

 
Fig. 2 Buck Converter with PID controller 

 
     There are various controller techniques are used, but it 

need to operate the Wind turbine as it PID controller by 

using formula   
        

𝐶𝑃𝐼𝐷=𝐾𝑃 [1 +
1

𝑇𝑖
+ 𝑇𝑑]             (7) 

   

     The constants are used in PID controller are kp, ki, and 

kd. These constants can be adjusted to get acceptable 

performance. If we increase kp & ki errors will be reduced 

but we can not get adequate stability. Thus the PID 

controller provides both acceptable degree of reduction in 

error and acceptable stability. In this project we have chosen 

the PID Controller. The values of Kp, Ki and Kd are 

obtained using the above procedure for the given buck 

converter and the values obtained are Kp=0.001; 

Ki=49.7859; Kd=5.0215𝑒−7it shown Fig. 2. 

 

Table 3 Buck converter parameters 
PARAMETERS VALUE 

Input voltage 424V 

Output voltage 80V 

Inductance 9.956 mH 

Capacitor 8.15 µF 

Resistance 6.13 Ω 

Frequency 25 KHZ 
 

       As regard, the power converter the buck converter 

is used to step-down the DC voltage it has buck to 

80V. The buck converter were designed with 

MOSFET (Vs = 424 V, I = 2.46 A, R = 172 Ω). The 

proposed model is implemented is shown in Fig. 2. 

 

 

IV. DC MICROGRID BATTERY 

 

      The battery charging system consists of a 12 V  / 

180 Ah battery. The battery is the most common 

method of energy storage in standalone systems. The 

battery should operate with an optimized energy 

management strategy. A lead acid battery was used 

due to its low cost and availability. Both output of the 

system is stored in DC battery. Each battery is 

connected 6 series and 2 parallel string, totally it as 12 

battery. The battery connection is shown in Fig. 3.  

 

 
                       

Fig. 3 Battery Bank 

 

 

 

SIMULATION RESULT : 
The complete system design of the Wind energy input / 

output analysis of the proposed system was simulated by 

MatLAB/Simlink, the battery bank is designed, The 

simulated of Wind turbine, PMSM, buck converter and 

battery as in Fig. 4, then load as the resistive load. The 

characteristics of the proposed system were analyzed by 

changing these elements. The basic condition of the Wind 

power is shown in Table 2. Fig. 5 – Fig. 11 depicts the 

simulation of Wind energy system.  The Fig. 5 shows the 

output of Wind turbine as torques as the negative value in 

0.5 s. The Fig. 6 & Fig. 7 shows the  speed of the Wind in 

stator, rotor speed and electromagnetic of the Wind. The 

Fig. 9 shows the line to line voltage of Wind which maintain 

300V. 

 

The given output of the close loop of buck converter when 

PMSM Fig. 10 is run at the rated speed for duration of t = 

0.05 sec and maintain the 424 V and using the buck 

converter it bucks the voltage to 80 V. In order to obtain 

the constant output voltage, PID Controller is used in Wind 

source it shown in Fog. 4 and it is connected to the battery. 
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Fig. 4 Overall Wind turbine, DC-DC converter, PID controlled Buck converter 

 

 
Fig  5 Wind Torque 

 

 
Fig. 6 Rotor speed of Wind 

 
Fig. 7 Stator Speed and Electromagnetic 

 

 
Fig. 8 Wind with Line to Line Voltage 
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Fig. 9 Wind with PMSM 

 
   Fig. 10 Buck with PID controller 

 

 
Fig. 11 Wind energy with resistive load with 80V 

 
                             CONCLUSION 

       In this paper a SIMULINK model of the Wind 

generation system is proposed and the essential models of 

the system components were addressed. The model of Wind 

turbine is connected to a PMSG to model a standalone Wind 

power generation system. The rectified output voltage of 

PMSG is connected to a dc-dc buck converter connected 

through the battery and LED is connected through the 

resistive load the proposed model is simulated. It is observed 

that with change in Wind speed, the output power of the 

standalone Wind system changes in accordance with the 

standard results. With additional modification this model 

can be used for the modelling and study of Grid connected 

Wind system or hybrid systems. 
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