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ABSTRACT: Extracting as much as wind energy as possible and feeding the grid with high quality power are the two 

main targets for the grid connected wind turbine system. This paper proposes the design of an efficient controller for 

the 3.2KW wind turbine which grabs the maximum power from the available wind. The 3.2 KW wind turbine system 

provides DC voltage and this DC voltage is then converted to constant three phase 230V 50 Hz AC by using the 

converter and inverter systems. 

 

Neutral Point Clamped Inverter (NPC), Space Vector Modulation (SVM), wind energy conversion, wind power, grid 

connected wind turbine system, variable speed wind turbine, step up DC-DC converter. 

 

I. INTRODUCTION 

 
The future trend of wind energy conversion systems is to draw the maximum power from the available wind. 

Unfortunately this is not possible with high capacity wind turbine, as they can be rotated only for a particular speed. 

The wind turbine system stated here is a 3.2 KW wind turbine which is allowed to rotate at any speed to grab the 

maximum power from the available wind. The size of the wind turbine system is small, as a result they can be placed 

on the roof tops and de-regulation of power can be done. This wind turbine system incorporated with a rectifier 

provides the rectified DC voltage and this DC is converted into constant three phase 230V AC by using the converter 

and inverter systems. 

 

This paper reviews the major applications of power electronics for wind power conversion systems, and it is organized 

as follows. Section II briefs about the wind energy conversion system, the modern power electronics and the 

applications of power electronics for wind turbines are presented. Section III describes about the variable DC to fixed 

DC step up converter. Section IV discusses the design of Neutral Point Clamped Inverter. Section V presents the Space 

Vector Modulation control scheme for the Inverter. Section VI describes the simulation circuits. Section VII proposes 

the prototype design of Converter and Space Vector Modulated Inverter system. Finally in Section VIII, the 

conclusions are drawn and the future trends are illustrated. 

 

II. WIND ENERGY CONVERSION SYSTEM 

 
       The main components of a wind turbine system are illustrated in Fig.1, including a turbine blade, generator, 

rectifier, power electronic system [1]. Wind turbines capture the power from wind by means of turbine blades and 

convert it to mechanical power. Wind at any speed can be capture and it is transformed into AC voltage with any 

frequency. Since the obtained AC voltage can be of any frequency the power limitation using pitch control, yaw control 

and gear box control can be avoided [2]. Thus the size and the weight of the system is reduced which forms to be a 

great advantage for this system [3]. Hence the system can also be installed in rooftops. 

 

The obtained AC voltage from the wind turbine system is converted into DC voltage using the inbuilt rectifier system. 

The obtained DC is of low voltage [4]. This low voltage variable DC is fed to the DC/DC Boost converter. The 
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Boosted constant DC voltage obtained from the converter is then feed to the Inverter to obtain AC voltage with a 

frequency of 50Hz [5].  

 

 
Fig.1. Wind turbine grid connected system 

 

The electrical protection system of a wind turbine system protects the wind turbine as well as secures the safe operation 

of the network. 

 

III.  STEP UP DC-DC CONVERTER  

 
The step-up DC-DC converter is shown in the Fig.2. Compared to the conventional boost converter, there are extra 

secondary windings for the boost inductor, rectification diode D2 and filtering capacitor C2. The proposed converter is 

boost-flyback connected in series to increase the efficiency and output voltage gain with the integrated coupled 

inductor [6]. By cascading the output voltage VC1 of the boost converter and the output voltage VC2 of the flyback 

converter, high output voltage V0 is easily obtained. In addition, there is low voltage stress on the power switch and 

diode as well as on the output capacitors compared to that for conventional boost converters [7]. The low side capacitor 

C1 functions as output capacitor and snubber capacitor, to suppress the voltage spike on S1 during the turn-off transient 

period, which recycles the leakage energy in the coupled inductor [8]. A power switch S1 with low voltage rating is 

used to reduce conduction loss, and as a result the overall efficiency is significantly improved. 

 
 

Fig.3. Equivalent circuit of DC-DC converter 

 

The step up converter is a combination of conventional converter and flyback converter and is assumed to be operated 

in continuous conduction mode. The switch S1 is turned ON at t0, the voltage across the magnetizing inductance is 

equal to V1 and the magnetizing current will increase with a slope of V1/Lm. Diode D1 is reversed-biased and C1 and C2 

supply energy to load. The peak magnetizing current is obtained at the time instant t1 when the switch S1 is turned OFF 

[9]. The magnetizing current charges the parasitic capacitor C0 of the MOSFET, and the voltage increases until time 

instant t2. At t2, diodes D1 and D2 start to conduct [10]. 

 

When the diode D1 starts to conduct, a large portion of the magnetizing current will flow into the capacitor C1 of the 

active clamp owing to the leakage inductance in the output loops [11]. Thus current id1 continues to decrease and id2 

continues to increase. At the same time, the current id1 falls, this is complementary to id2.  At the end of the mode, iC1 

decreases to zero, and energy is discharged from C1 to supply the load current. The current id2 is charging C2 and at 

the same time supplying the load current [12]. 
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IV. NEUTRAL POINT CLAMPED INVERTER 

 
 The three-level NPC inverter is shown below in Fig.4.   With this inverter topology, it is possible to produce three 

voltage levels at the output of inverter leg, namely, Vdc/2, 0 and 2Vdc/2. The performance of this three level inverter can 

be made efficient by controlling it using the Space Vector Modulation [4] , [13].    

 

        As shown in Fig.4, only one active voltage source of Vdc/2 is used [2]. The rated DC link voltage can be obtained 

by switching the voltage source between the top capacitor (C1) and the bottom capacitor (C2) with a duty ratio of 0.5 

[14]. The capacitors will charge to Vdc/2 with a constant frequency irrespective of the load currents [7]. Therefore the 

load current flowing through the capacitors will not create any neutral-point fluctuations. Here, the diode bridge 

rectifier and filter capacitor C3 is used as an input voltage source. To switch the voltage source between the capacitors 

C1 and C2, two extra switches and two extra diodes are required, as shown. 

 

 

 
 

Fig.4. Equivalent circuit of NPC inverter  

 

V. THE SPACE VECTOR MODULATION 

 
 The Space Vector is defined as the vector „Vs‟ having a magnitude of “3/2Vm” and rotates in space at a frequency of 

“ω” radians per second. Space Vector Modulation (SVM) refers to a special switching sequence of the upper three 

transistors of a three phase power inverter. It has been shown to generate less harmonic distortion in the output voltage 

which is supplied to the grid [3]. 

 

Five steps can be identified to implement the space vector modulation for inverters 

i. Definition of the possible switching vectors in the output voltage space. 

ii. Identification of the separation planes between the sectors in the output voltage space 

iii. Identification of the boundary planes in the output voltage space. 

iv. Obtaining of the decomposition matrices 

v. Definition of the switching sequence. 

 

A.  ANALYSIS OF SAPCE VECTOR MODULATON 

The SVPWM method considers this interaction of the phase and optimizes the harmonic content of the three phase 

isolated neutral load [5]. The three phase sinusoidal and balance voltages equations are given as,  
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Thus in SVM the voltages across each switch is represented as a vector and they are projected in space to form a 

hexagon with six sectors which are equally divided as shown in Fig.5 [10]. The six voltage vectors are represented as 

V1, V2, V3, V4, V5, V6. These six vectors are called as the active vectors and there are another two vectors V0, V7 

merely called as zero vectors. Thus the presence of zero vectors makes SVM to be unique control algorithm compared 

other pulse width modulation methods. Fig.6 shows the space vector of voltages across the switches [15].  

 

 
 

Fig.5. Projection of voltage vector 

 

Consider, for example state V2 space vector of voltage V2 is  

 

 

 
 

Double edge modulation of reference voltage Vao, Vbo and Vco are equal  

 

 
                       

To implement the space vector PWM, the voltage equations in the abc reference frame can be transformed into the 

stationary dq reference frame that consists of the horizontal (d) and vertical (q) axes depicted as shown in Fig.6.   

 

 
Fig.6. Representation of two reference frames 

 

From this Fig.6, the relation between these two reference frames is shown below 
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Where,  

 

 
 

 And „f‟ denotes either voltage or current variable. 

 

Therefore, space vector PWM can be implemented by the following steps: 

 

Step 1: Determine Vd, Vq, Vref, and angle (α): 

 From the Fig.7, 

 

 

 

 
Where f= fundamental frequency. 

   
 Fig.7. Representation of reference voltage in two reference frame 

 

Step 2. Determine time duration T1, T2, T0: 

 From the Fig.8,  

 

 
 

 
 

 
Where, 
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Fig.8. Representation of Vref 

 

Step 3. Determine the switching time of each MOSFET: 

 

The switching times for the MOSFET‟s of the inverter are shown in the Table.1 

 

 
Table.1. Switching times for the MOSFET 

 

Thus based on the above three steps the algorithm of Space Vector Modulation is implemented and the distortion less 

three phase voltages are obtained [9]. 

 

VI.  SIMIULATION CIRCUTS AND RESULTS 

 
The simulations tests are carried on with the parameters of 3.5 kilowatt wind turbine system and the simulated results 

are displayed as follows, 

A.   Open loop controlled DC-DC converter 

The open loop simulation of the DC-DC converter is shown in Fig.9, the response of the open loop is observed at the 

output for various input voltages. 

 
Fig.9. Step up DC-DC converter open loop 
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Initially the input voltage is fixed as 52V and the output obtained is of 358V, after the time of 2 ms the input is 

decreased to 47V, now the output voltage decreases to324V. This response is shown in the Fig.10 

 

 
 

Fig.10. Output voltage waveform for the DC-DC converter open loop   

 

B. Closed loop controlled DC-DC converter 

The closed loop control of the DC-DC converter is implemented using the P and PI controller to obtain a constant DC 

output voltage which is shown in the Fig.11 

 

 
 

Fig.11. DC-DC converter closed loop 

 

The response obtained with the closed loop is much better compared with the open loop for the similar changes in the 

input as shown in Fig.12 

 

 
Fig.12. Output voltage waveform for the DC-DC converter closed loop  
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C. Closed loop controlled NPC inverter (with ordinary  PWM control) 

The closed loop circuit of the NPC inverter is implemented using the proportional controller and the proportional 

integral controller as shown in the Fig.13. The desired voltage is obtained by controlling the high frequency pulses 

provided to the MOSFET‟s. 

 
Fig.13. NPC inverter closed loop with ordinary PWM control 

 

The output voltage waveform for the open loop NPC inverter is of high frequency square wave which is shown in the 

Fig.14 

 

    
 

 Fig.14. Output voltage waveform for NPC inverter closed loop                                             

 

The FFT analysis for the above waveform shows a very high value of distortion which is shown in the Fig.15. 

 

 

 
 

Fig.15. FFT analysis of the output voltage waveform 
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D. Space Vector Modulation controlled NPC inverter 

The Fig.16 shows the circuit model of Space Vector controlled Neutral Point Clamped Inverter operating in open loop 

with RLC load. 

   
 

Fig.16. SVM controlled NPC inverter 

 

The three phase voltages obtained from the SVM controlled NPC Inverter is shown in the Fig.17  

 

 
            Fig.17. Output waveform for SVM controlled NPC inverter 

` 

The FFT analysis for the above waveform shown in the Fig18. 

 

 
 

         Fig.18. FFT analysis of the output voltage waveform     

                  

From the FFT analysis of both the waveform (i.e.) Fig.15 and Fig.18, we can conclude that the Total Harmonic 

Distortion for the Space Vector Modulation controlled Inverter is very less compared to the PWM technique. 
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Thus Space Vector Modulation control forms an efficient control technique to obtain a pure, distortion less 3phase 

sinusoidal voltage from Inverter. 

  

E. Converter  and  Inverter system 

The merged circuit is a combination of rectifier, inverter and converter circuit with converter operating in closed loop is 

shown in the Fig.19. 

 

 
 

Fig.19. Inverter & Converter system 

 

The output voltages Va, Vb, Vc of the inverter and converter merged circuit are shown in the Fig.20  

 

 
 

     Fig.20. Output voltage waveform obtained from the converter & inverter system 

 

VII. PROTOTYPE 

 
          The overall prototype of the combined Converter and Inverter is shown in the Fig.21. The supply for the 

converter is provided using the auto transformer which is rectified using rectifier and filtered using capacitor. The 

constant DC supply from the closed loop controlled converter is provided as a constant supply to the inverter. The 

space vector pulses from the PIC controller is provided to the corresponding MOSFETs of the inverter arrangement. 

The load used is resistive load of 1kΩ, 10watts and the three phase voltage waveform obtained is shown in the Fig.23. 
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     Fig.21. Prototype of the combined Converter and Inverter system 

 

The space vector pulses generated by the PIC controller are of magnitude 5V. The pulses are generated for all the six 

sectors and thus these pulses are amplified and are given to the MOSFETs as gate triggering pulse. The Fig.22 shows 

the SVM pulses for first sector similarly the SVM pulses are obtained for all the six sectors. 

 

 

 
 

     Fig.22.Space Vector Pulses obtained from PIC controller 

 

 
 

     Fig.23. Output voltage waveform obtained from the prototype  
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VIII. CONCLUSION 

 

The performance characteristics of the open loop and the closed loop of the Converter and Neutral Point Clamped 

Inverter are evaluated. The simulation results of the Inverter shows that the THD obtained using the Space Vector 

Modulation is very much lesser compared to the ordinary Pulse width modulated inverter. The same circuit is 

implemented as hardware and the result shows that the output obtained using the prototype is thus similar to simulation 

results. Thus the Space Vector Modulation provides the near sinusoidal output voltage with very less distortion. 

 

The converter will be implemented using neural controller in order to obtain a constant DC output voltage with 

variation in the input DC voltage. The prototype will be implemented in real time for roof top wind turbines and will be 

tested under various conditions. The data from the CWET will be used and the per day power output from this method 

will be compared with the present available unit. 
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