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Abstract- Wind energy technologies are improving even faster than other renewable resources in the 21st century, 

such as solar, geothermal, etc. In this article, the conventional converter is replaced by a multilevel converter. This 

simple scheme introduces a low frequency harmonic distortion substance of high intensity into the PMSG and 

therefore increases the total loses in it. The fuzzy logic is often used as a machine side converter control technique 

to maintain the constant DC voltage provided to GSC without any additional DC-DC converter. The initially 

designed Based Load Side Converter (LSC) has been used to minimize harmonics and professional and non-

ordinately deliver the reactive power to the load. The feasibility of the proposed system model and integrated 

control strategy are verified using MATLAB/Simulink simulations. 

Keywords: Permanent magnet synchronous generator (PMSG), Fuzzy logic control, Total harmonics distortion. 

1. INTRODUCTION 

Wind Energy is the most important renewable energy source used for the isolated operation of the power system 

generation as well as grid-connected applications. In low-power wind energy systems, permanent magnet 

synchronous generators (PMSG) with variable speed operation on a wind energy conversion system (WECS) will 

be used more extensively. The Wind Turbine Generator (WTG) performs in the variable speed variable frequency 

mode in order to achieve optimum wind energy extraction at low voltage variable pitch WECS[1-3]. 

In order to evaluate the multiple harmonic mitigation approaches, the established wind turbine model would be 

used in this work. The standard way to accomplish a grid-connected PMSG WECS with variable speed would be 

to use two conversion processes like this instead of the complex logic theory to get MPPT on PMSG WECS. The 

Permanent Magnet Synchronous Generator (PMSG) has significant wind turbine economic advantages, whereas 

variable speed operations are implemented in numerous technologies [4,5]. The System Side Converter controls 

the gird-side reactive power compensation and filtering of non-linear load harmonics [6-9].  

In order to achieve fast dynamic response, the fuzzy interference technique is used, no overshoot is obtained and 

settling time is reduced to maintain the constant DC voltage [10]. In PMSG, the fuzzy based PI controller is 

configured up to improve the dynamic response and mitigate the DC link ripple connected between converters[10-

11]. The integrated Fuzzy model is used in this contribution of work to control the machine side converter to 

provide constant DC interface voltage without additional boost converter. 

2. WIND POWER CONCERSION SYSTEM 

The WECS considered in this work consists of a PMSG driven by a fixed pitch wind turbine; an AC-DC energy 

conversion stage implemented using three different approaches and a VS-CCI.  

 

 

 

                                                                               

 

 

 
Fig.1: Wind energy conversion system 

 

 

 

 
 

Fig. 2.1 Speed Wind Power Conversion System 

A simplified variable speed wind power conversion system is sketched in Fig. 2.1 Where the variable speed wind 

turbine and generator are connected to the grid through aldolic type power electronic interface. Two self-

commutated PWM converters are employed at both machine and grid sides, which allows the dynamic control of 

the generator torque with vector control techniques. That means that the power coming from the generator and 

rectifier has to be immediately transferred to the ac system through the line side power converter. 
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3. MODELING OF PERMANENT MAGNET SYNCHRONOUS GENERATOR 

The power control of the PMSG is controlled by the orientation of the stator flux in the reference of synchronous 

rotation directed along the axis d. With that strategy, the active and reactive powers of the stator are decoupled 

[8]. The dynamic model of a PMSG in the dq reference frame can be represented by equations (1), (2) and (3) [8]. 

𝑉𝑆𝑑 = 𝑅𝑀𝑖𝑆+Lsd
𝑑𝑖5𝑑

𝑑𝑡
−  𝜔rLsqisq                                                                                                                              (1) 

𝑉𝑆𝑑 = 𝑅𝑀𝑖𝑆+Lsd
𝑑𝑖5𝑑

𝑑𝑡
+ 𝜔2𝐿𝑠𝑞 −  𝜔rLsqisq  - 𝜔r𝜆m                                                                                                   (2) 

Where 𝑉𝑆𝑑 and Vsq are the stator voltage components, Rm is the machine resistance, Lsd and Laq are the stator 

inductances components, in a round rotor machine (Lsd = Lsq), isd and isq are the stator current components,𝜔r is 

generator speed and 𝜆m is magnetic flux.  The electromagnetic torque in the rotor can written as:   

𝑇�̅� = (
3

2
) (

𝑃

2
)[(Lsd – Lsq)] isqisd + 𝜆misq                                                                                                                                       (3) 

Where is the electromagnetic torque and   is the number of poles. For the control of the generator, two new control 

variables are introduced from (1) and (2): 

ud = Vsd + 𝜔rLsqisq                                                                                                                                                     (4) 

uq = Vsd - 𝜔rLsqisq – 𝜔r𝜆m                                                                                                                                         (5)      

For stator current components regulation, (1) and (2) are rewrite to represent two decoupled, first-order, single-

input single-output (SISO):              

𝐿𝑆𝑑
𝑑𝑖𝑠

𝑑𝑡
  + RMisd   = ud                                                                                                                                                                                                                            (6) 

𝐿𝑆𝑞
𝑑𝑖𝑠

𝑑𝑡
  + RMisq   = uq                                                                                                                                                                                                                                         (7)                                                                            

Equations (6) and (7) regulate isd and isq for their references i*sd and i*sq through the scheme shown in the Fig. 

2.1. 

4. PROPOSED FUZZY WIND SPEED ESTIMATOR 

Input-output mapping problem can be solved in many ways such as using fuzzy system, linear system, expert 

systems. Before defining the fuzzy rules, we divide the wind speed range into 5 regions labelled with very low, 

low, average, high, and very high; the generator rotor speed into 3 regions labelled with low, medium, and high; 

the measured generator power into 5 regions labelled with zero, low, medium, high, and very high. Let Pg denote 

the measured generator power, v the wind speed, and wg the generator rotor speed. The fuzzy rules corresponding 

to the certain points on the power curve surface as shown in Figure 5 are defined as follows: 

• Rule #1: if wg is high and Pg is zero then v is very low  

• Rule #2: if wg is high and Pg is low then v is low 

• Rule #3: if wg is high and Pg is medium then v is average  

• Rule #4: if wg is high and Pg is high then v is high  

• Rule #5: if wg is high and Pg is very high then v is very high 

• Rule #6: if wg is medium and Pg is zero then v is very low 

• Rule #7: if wg is medium and Pg is low then v is low 

• Rule #8: if wg is medium and Pg is medium then v is average 

• Rule #9: if wg is low and Pg is zero then v is very low. 

5. PMSG BASED WIND ENERGY CONVERSION SYSTEM MODEL 

PMSG based wind energy conversion system and control strategy discussed, the simulation results show test 

results on the proposed WECS, with continuous power supply, has been developed and verified in 

MATLAB/Simulink software using sim-power system block-set for real-time supervisory.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5.1 PMSG Based Wind Energy Conversion System Model 
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Developed PMSG based wind energy conversion system were observed at different input wind speed like linear 

increase, linear decrease, step change, successive increases and decreases and harmonic analysis at load side. 

Performance analysis of developed PMSG based wind energy conversion system and control strategy discussed 

at different input wind speed. The simulation results validate the reliability and stability of the modelled system.  

6. RESULTS FOR PMSG BASED WECS  

DC output from the DC-DC converter is given to DC link capacitors whose main purpose is to maintain the DC 

voltage at the input of the invertchanged er. Observations taken when speed change by steps like 12m/s-10m/s- 

8m/s-6m/s and Fig. 3 shows the various waveforms of (a) multilevel inverter output voltage, (b) multilevel inverter 

output current, (c) multilevel inverter phase voltage and (d) multilevel inverter duty ratio. We can see in Fig. 6.1 

multilevel inverter output current is 45A and multilevel inverter output voltage is 500V. 
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Fig. 6.1 Simulation Results for PMSG based WECS at Multilevel Inverter during Wind Speed Change 

from 12m/s to 10m/s to 8m/s to 6m/s: (a) Inverter Phase to Phase Voltage, (b) Inverter Phase Current,   

(c) Inverter Phase to Phase Voltage (d) Duty Ration of Inverter 

 

 

 

 

 

 

 

 

 

 

 

 
 

(a)            (b)  

Fig. 6.2 Simulation results for PMSG based WECS at grid during wind speed change from 6m/s to 8m/s 

to 10m/s to 12 m/s: (a) grid voltage, (b) grid current 

Fig.  6.2 (a) shows the grid side phase voltages 𝑉𝑎𝑛𝑉𝑏𝑛𝑉𝑐𝑛. Grid voltage is maintaining at 20kV and 50Hz and Fig. 

6.2 (b) shows the grid current 𝐼𝑎𝐼𝑏𝐼𝑐  is 0.2 p.u. 

From the load current and voltage harmonic spectrum of Fig. 6.3(a, b), it can be seen that total harmonic distortion 

(THD) of load output current is 3.84%, load output voltage is 4.06%, which is less than 5% and it is in assent with 

the admissible limits of IEEE 1547, IEEE-519 and IEC 61727 standards and thus satisfies the general models and 

along these lines satisfies the general standards of produced power in terms voltage and current inside 5% THD. 

Low THD is due to the use of because of space vector pulse width modulation (SVPWM) switching for the 

converter. 
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Fig. 6.3(a) Harmonic Spectrum of Output Load Current 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.3(b) Simulation Response of Harmonic Spectrum of Current and Voltage 

CONCLUSION 

The purpose of this paper is to investigate a wind power system with PMSG with multilevel inverter under various 

wind condition. The power delivered to the grid and dc-link voltage are well maintained with varying wind speed. 

The Wind Energy Conversion System, with wind turbine driven Permanent Magnet synchronous Generator 

(PMSG) is simulated using MATLAB. For various input wind velocities this system is analyzed and harmonic 

current and voltage with low-THD of 3.84 % as per IEEE standards with the help of modified fuzzy logic 

controller. 
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