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ABSTRACT: This paper presents the results of variable speed wind power generation system using permanent magnet 
synchronous generator. The Sepic converters are utilized as converters for variable speed wind power generation 
system. The inverter is designed with space vector modulation (SVM) to reduce total harmonic distortion. Wind power 
generation system simulated using Matlab consisting of wind turbine, PMSG, diode rectifier, PWM controlled Sepic 
converter, inverter with SVM and AC load.   
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I.INTRODUCTION 
 

Electricity plays an important role in the development of economy of any country, electricity leads to 
continuous search of alternately available sources of power generation such as Renewable Energy Sources (RES). RES 
includes Photovoltaic, Wind Power, Fuel Cells, Tidal energy etc. among which wind, power generation is gaining 
importance. Wind power has evolved as a viable source of power generation and is economical as compared with the 
other non-conventional energy sources. It offers a feasible solution to the distributed power system. A wind turbine, a 
rotating device captures the wind energy and converts it into kinetic energy and by coupling electric power generator to 
wind turbine the kinetic energy can be converted into electrical power If the wind profile is promising at the location 
then the implementation of high capacity direct driven wind power generation is more feasibleeliminating thegear box. 
In such case the wind power generation can be used as an isolated or grid connected power generation system, feeding 
local load in isolated system and feeding the excess power into the grid in grid connected system. A self-sufficient wind 
power generation system is the one with the energy storage device [2]. This will be not the same when the wind profile 
is not promising. It is Wind power generation using Induction generator, doubly fed induction generators, Permanent 
Magnet Synchronous  Generator (PMSG), etc. and with various control methods and different ways of extracting power 
from the wind under different conditions have been proposed by various researchers[3-6]. The large capacity wind 
turbines have greater inertia which helps it to overcome small changes in the wind speed. Small changes in wind 
pattern will not affect the output voltage. However when considering small wind turbines the effect of change in wind 
speed affects the output performance of the wind turbine. Few techniques like gearbox, flywheels etc. are incorporated 
into small wind turbines to overcome the fluctuations due to change in wind speed. Howeverthe gear box adds weight 
and maintenance due to which the overall system efficiency decreases. In order to overcome these drawbacks direct 
driven PMSG machines has emerged as the best alternative. PMSG based wind power generation has the advantage of 
permanent magnets for magnetic flux production eliminating additional supply for excitation and can be used for power 
generation at low wind speed [7]. 
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II. WIND POWER GENERATION SYSTEM 
 

Fig 1 shows the Variable speed wind power generation system using SEPIC converter .It is not possible to 
operate the PMSG in the motoring mode, because the diode bridge rectifier limits the direction of DC link current 
.However it is not a problem, because the motoring mode is not carried out in the wind generator systems. In the 
meantime, the value of DC link current depends on the relationship between the induce voltage of PMSG and the DC 
link voltage. Therefore, it is not possible for the diode bridge rectifier to control the generator torque. Then, SEPIC 
converter circuit is added to improve the Variable speed range in which the diode rectifier cannot control the generator 
torque, the SEPIC converter can control the generator torque by controlling the DC link current.The mechanical energy 
from wind turbine is given to PMSG. PMSG converts mechanical energy into electrical energy. Rectifier converts AC 
into variable DC. Variable DC is converted into Fixed DC by using SEPIC converter. SEPIC converter switch is 
controlled by PWM technique .Fixed DC is converted into AC by using inverter. Inverter switches are controlled by 
Space vector modulation which reduces Total Harmonic Distortion (THD).Whatever be the wind speed i.e., low speed, 
medium speed, high speed the output voltage is maintained constant. 

 
Fig. 1 Variable-speed wind power generation system usingSepic converter. 

 
III. CONTROL SYSTEM 

 
A. Wind Turbine Emulator[6] 

Fig. 2 shows the basic structure of wind turbine emulator.The wind turbine model is based on the blade 
elementmomentum theory [7]. The wind turbine model consists of thethree dimensional table data of wind turbine 
characteristicsand the mechanical model considering the difference betweenreal wind turbine and induction motor. The 
wind velocity V0 isgiven as a condition of emulation. The windmill rotationalspeed ωr is detected with the rotary 
encoder (RE). The V0 andωr are used as inputs of the three dimensional table. 

 
 

Fig. 2. Wind turbine emulator 
 

The three dimensional table data are composed of the torque Qfor V0 and ωr. The three dimensional data are 
calculated byapplying the wind turbine parameters of fig. 3 to the bladeelement momentum theory in advance. 
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Fig. 3. Wind turbine blade shape 
B. Converter Control System 

Duty control system for Sepic converterFig. 4 shows the duty control system for boost converter.The change 
of wind velocity includes the ranges of low windvelocity, middle wind velocity, and high wind velocity. Forthe low 
wind velocity, the duty control system adjusts the DClink current which corresponds to the generator torquenecessary 
for controlling the windmill speed, by controllingthe boost converter. The DC link voltage is maintained atvoltage 
100V necessary for the system interconnection by theinverter, when the duty control system is on. Duty becomes 
0,because the DC link voltage is maintained at 100V by theinverter, when the windmill speed rises, and when the 
linevoltage of PMSG becomes over 100V. The operating range iscorrespondent to middle wind velocity, and only 
therectification using the reactor and diode bridge rectifier iscarried out. 

 

 
 

Fig. 4. Duty ratio control system. 
 

C. Inverter Control System 
                Space vector modulation technique is used to control the inverter. Compared to SPWM the Total Harmonic 
Distortion (THD) and Lower Order harmonics(LOH) contents are decreased in SVPWM.It is known that the maximum 
value of the peak phase voltage that can be obtained from a three phase inverter with Sinusoidal Pulse Width 
Modulation(SPWM) technique is equal to Vdc/2.It is therefore evident that SVPWM achieves a better DC  bus 
utilization compared to SPWM(by about 15.4%) 
      Space vector modulation is an algorithm for the control of pulse width modulation. It is used for the creation of 
alternating current waveforms, most commonly to drive three phase AC powered motors at varying speeds from 
DC.The figure 5 shows the three modes of operation ofSVPWM. The operation within the inscribed circleof the regular 
hexagon is the linear region whileoperation outside the inscribed circle till thecircumscribed circle around the hexagon 
depictsovermodulation region. 
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Fig. 5. Showing the various regions of modulation 

 
At the end of the liner modulation i.e. at a MI>0.907, the reference voltage vector tip traces acircle whose 

radius becomes greater than that ofthe inscribed circle of the hexagon representing thevoltage vectors which can be 
applied in the sixsectors. 
 

IV. BLOCK DIAGRAM AND SIMULINK DIAGRAM 

 
Fig. 6. Block Diagram 

 
Fig. 7. Simulink Circuit  
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V. SIMULATION RESULTS 
 

 
Fig. 8. Three phase output voltage wind speed = 7M/S (Without Converter) 

 

 
Fig. 9. Three phase output voltage wind speed = 10M/S (Without Converter) 

 

 
Fig. 10Three phase output voltage wind speed = 7 m/s (With Sepic Converter) 

 

 
Fig. 11Three Phase Output Voltage wind speed = 10 m/s (With Sepic Converter) 
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Fig. 12 THD without Converter 

 

 
Fig. 13 THD with Sepic converter 

 
V. CONCLUSION 

 
This paper described the control strategy of variable speed wind power generation system using SEPIC 

converter.The simulation models of the variable speed wind generation system using SEPIC converter are implemented 
by using MATLAB/Simulink.The results of variable speed wind power generation  without converter is compared  
with the results of variable speed wind power generation with SEPIC converter .Under variable wind speed condition 
the output of wind power is maintained constant with the help of SEPIC converter.The SEPIC converter makes the 
variable rectified output voltage from the PMSG to a constant DC voltage.SEPIC converter has played a keyrole in 
improving the voltage stability of variable speed  wind power system.SpaceVectorModulation reduces Total Harmonic 
Distortion (THD). 
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