
[ VOLUME 5  I  ISSUE 3  I  JULY– SEPT 2018]                                                    E ISSN  2348 –1269, PRINT ISSN 2349-5138 

 650𝗒       IJRAR- International Journal of Research and Analytical Reviews                                           Research Paper 

IMPLEMENTATION OF MPPT TECHNIQUES FOR WIND ENERGY 
CONVERSION SYSTEM 

 
JASMINE GNANA MALAR* & C.AGEES KUMAR** 

*Research Scholar,Dept of EEE 
**Professor, Dept of EEE 

 
 

 
Received:  June 12, 2018                   Accepted: July 21, 2018 

 
 ABSTRACT  The proposed sensorless MPPT control technique tracks the actual maximum power point of a wind 
energy conversion system (WECS) at which maximum output power is extracted from the system, not the maximum 
power point of its wind turbine at which maximum mechanical power is obtained from the turbine, so it actually 
extracts the highest output power from the system. The technique only uses input voltage and current  of the converter 
used in the system, and neither needs any speed sensors (anemometer and tachometer) nor has the drawbacks of other 
sensor/sensorless based MPPT methods. The technique has been implemented as a MPPT controller by constructing a 
WECS. At the rated wind speed (10 m/s), the MPPT efficiency is 99.28%, and this explicitly verifies that the proposed 
sensorless MPPT technique high accurately tracks the actual maximum output power of the constructed WECS. 
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INTRODUCTION 

Environmental concerns in energy 
generation from the conventional sources make 
fast development of renewable energy sources 
(RES), like wind, solar, fuel cell, etc. Rapidly 
increasing demand for electrical energy and the 
issues associated with limited reserves and the 
rising cost of fossil fuels such as oil,coal,and 
natural gas are also responsible for the growth 
and riseofrenewable energy application [1–5]. In 
this frame of reference,among the various RES, 
wind energy is the most adorableandquickly 
developing source of electricity nowadays [6–8].  

According to the global wind market 
statistics released by the GlobalWindEnergy 
Council (GWEC), 51,473 MW of new wind 
generatingcapacity was added in 2014. This 
figure represents a 44%annualincrease and the 
total cumulative installations stand at369,597 
MW at the end of 2014 [9]. Therefore, spreading 
of windpower in a power system is assumed to be 
highly developed.Here the crucial concern of the 
WECS is how to efficientlyobtainthemaximum 
output power from wind turbine at all instant in a 
wide range of wind speed [10]. To maximize the 
efficiency of the turbine, MPPT algorithm is used 
to bring the turbine to the MPP for all wind speed 
values. 
                 In WECS, electrical energy is generated 
from wind employing awind turbine and an 
electric generator. The wind turbine is coupled to 
the prime mover either directly or by a gear box 
setup. The prime mover is coupled to the shaft of 
the generator's rotor, whereas the stator is linked 
either to standalone loads or the utility grid by an 

appropriate power electronic interface[11–
18].This setup converts mechanical energy to 
magnetic energy and later to electrical energy for 
the utility grid. The block diagram of a typical 
grid-connected WECS is shown in Fig. 1. 

 
Fig. 1. Block diagram of a typical grid-

connected WECS. 
Output power from the wind turbine can 

be controlled to work more effectively within a 
specific range of the wind speeds bounded by cut-
in (Vwin) and cut-out (Vwout) speeds. Out of this 
range, the turbine should not operate for safety of 
the turbine as well as generator. The rated power 
(Prated) is obtained from the wind turbine at a 
specific wind speed (Vrated). Consequently, there 
are four main operating regions as demonstrated 
in Fig. 2 [19–21]. 

 
Fig. 2. Block diagram of a typical grid-

connected WECS. 
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The first and fourth region is below Vwin 
and above Vwout respectively, where the turbine 
should be stopped and disconnected from the 
grid to prevent it from being driven by the 
generator. The second region is in between Vwin 
and Vrated, where a wind turbine controller 
starts to operate to extract energy as much as 
possible by MPPT algorithm. The third region is 
in between Vrated and Vwout, where it is 
necessary to restrict the mechanical power 
generation to the rated power to avoid damage 
on the turbine. Thus, the MPPT algorithm is 
required to focus on 
the second region. 

In this paper, a novel high accurate MPPT 
method is proposed for WECSs that only uses 
input voltage and current of the converter used in 
the system. Furthermore, the proposed technique 
tracks the MPP of a WECS, not its wind turbine, so 
it extracts the highest output power from the 
WECS. It is also shown that the convergence time 
of the technique is short enough. The proposed 
MPPT method has been implemented as a 
controller by constructing a WECS. Theoretical 
results, the performance of the method, and its 
advantages all are explicitly validated by 
presenting real experimental results.  

The rest of this paper is organized as 
follows.The implementation of the WECS 
including the proposed sensorless MPPT 
controller is explained in detail in Section 2. The 
performance evaluation of the MPPT controller is 
performed in Section 3 by presenting real 
experimental results, and the study is concluded 
in Section 4. 
2.THE PROPOSED SENSORLESS MPPT 
CONTROLLER 
The schematic diagram of the WECS implemented 
in this study to evaluate the performance of the 
proposed sensorless MPPT controller is shown in 
Fig. 3. The implemented WECS consists of a wind 
turbine, a PMSG, a three-phase diode bridge 
rectifier, a DC/DC boost converter, and the 
proposed sensorless MPPT method implemented 
as a MPPT controller that each unit is explainedin 
detail in this section. 

 
Fig. 3: The proposed Sensorless WECS system 

2.1. Wind turbine 
The wind power Pw rotating a wind turbine is 
given as 

    
                               

                                                          ( 1)         
 
where q is the air density, A is the cross sectional 
area of the turbine, and Vw is the wind speed. The 
output mechanical power Pm produced by the 
wind turbine is expressed as 
   

          ( 2)         
 
where Cp is the power coefficient, k is the tip 
speed ratio, and b is the pitch angle of the turbine. 
 2.2.Permanent magnet synchronous 
generator 
          PMSGs have higher efficiency compared to 
the other typesofelectric generators due to less 
copper losses in the rotor circuit[29]. High power 
density, reasonable price, and the 
possibilityofdirect-coupling to a wind turbine 
without using a gearbox in the case of low 
variations in turbine speed are other benefits of 
utilizing PMSGs. For the WECSs without any 
gearbox (direct-coupling), wind turbines with 
smaller diameter can be even used that 
significantly decreases the system cost and 
weight. 
2.3. Three-phase rectifier 
            A three-phase diode bridge consisting of six 
diodes has been used as the rectifier in the 
implemented WECS as shown inFig. 1. The filter 
capacitor Cin has been also used to reduce the 
ripple of the output voltage.  
2.4.DC/DCboostconverter 
The circuit of the high efficiency DC/DC boost 
converter used in the implemented WECS is 
shown in Fig. 4 . The switch S1 is aN-MOSFET 
with the constant switching period of Ts, 
whereTs= 1/fs and fs is the switching frequency. 
Duty ratio DS1 is definedas DS1 = ton/Ts, where 
ton is S1 turn-on time. The pulse 
transformerTwith the turns ratio of n = N2/N1 
modeled as the ideal transformer 

 
Fig. 4: DC/DC Boost converter 

2.5.  Proposed  MPPT controller 
The flowchart showing the operation of the 
proposed MPPT method is shown in Fig. 9. At 
first, the converter input voltage and current are 
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sampled and read, then the MPPT controller 
calculates the deviations of the converter input 
power and current).  After that, the power slope a 
is computed.. Now, one of the following three 
cases occurs based on the calculated power slope 
a and the converter input current 
deviationDIin: 
Case 1: If a = 0 (at the MPP), there is no need to 
change the wind turbine speed xm, so there is no 
need to vary the converter 
input current Iin by varying the converter duty 
ratio DS1 
Case 2: If a > 0 (right side of the MPP), the wind 
turbine speed 
x m should be decreased, so the converter input 
current Iin 
should be increased by increasing the converter 
duty ratio DS1, 

 
 
Fig. 9. Flowchart of the operation of the proposed 

MPPT method. 
Case 3: If a < 0 (left side of the MPP), the wind 
turbine speed xm should be increased, so the 
converter input current Iin should be decreased 
by decreasing the converter duty ratio DS1 
carrier fc with reference signal. The PRBS (Fig.3) 
is logically compared to p1 and p2. p1 is obtained 
by comparison of the carrier fc+ with the 
reference signal. Similarly, p2 can be obtained 
through comparison of the 180o shifted carrier 
fc− with the reference signal. The PRBS signal and 
p1 or p2 are logically compared using AND gates. 
The output signals of each AND gates are logically 
compared using OR gates and a random PWM 
signal q is generated. The resulting carrier wave 
and the frequency of the random variable 
generator are generated. The PRBS bits of the 
random bits generator, is given as follows  
PRBS = x(4) ⊕ x(5) ⊕ x(6) ⊕ x(8)                (2)  
 

 
Fig. 3: 8-bit Fibonacci LFSR 

The resultant pulse q is expressed as  
q = (PRBS) p1 + (1 − PRBS)p2.        (3)  
The random characteristics are yielded by using 
not only the carrier frequency randomization but 
also the PRBS bits synchronized by the random 
frequency carrier. This characteristic makes more 
continuous distribution of its power spectra, as 
compared to the conventional schemes. 
 

SIMULATION RESULTS 
The simulation study is performed in 
MATLAB/Simulink software. A three phase VSI 
inverter with three phase, 0.75 kW Squirrel Cage 
Induction Motor is considered. The simulink 
implementation of proposed technique is shown 
in fig.5. 
 

 
Fig. 5: Simulink Implementation of HRPWM for 
VSI fed Induction Motor  

 
Fig. 6: Resultant pulse (Q1) obtained from 
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Fig. 7:  Line current waveforms of VSI output-

HRPWM. 
 

 
Fig. 8: Acoustic noise spectra – Hybrid random 

PWM 
 

Table 1 THD and HSR for various modulation 
index for HRPWM 

 Ma  Hybrid RPWM 
V0 THD HSF 

0.2 71 239 5.4 
0.4 111 161 5.1 

0.6 189 113 4.9 

0.8 212 90 4.12 

1.0 244 67 3.9 
1.2 317 59 3.6 

 
Table 2 comparison of A-weighted acoustic 

noise 
Switching 
frequency 

1-5 KHz 5 – 20 KHz 

 HRP
WM 

RCPW
M 

HRPW
M 

RCP
WM 

4 kHz 43.3 43.9  43.8 44.0 
8 kHz 10.1 10.4 14.1 12.4 

 

 CONCLUSION 
A new hybrid random PWM scheme with a two 
triangular carriers with a random frequency was 
proposed. It was developed with the aim of 
distributing the harmonic spectra spreading 
effect. Simulations are carried out on a 0.75kW, 

three-phase induction motor drive under the 
fundamental frequency f = 50 Hz and for various 
modulation indexes. Simulation results 
demonstrate that the low order harmonics was 
considerably reduced. From the results, the 
proposed scheme possesses an excellent 
harmonic spectra spreading capability. HSF of the 
proposed scheme was improved about 35% as 
compared with that of the conventional scheme. 
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