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ABSTRACT 
Wind power is the most reliable and developed renewable 
energy source over past decades. With the rapid growth of the 
wind generators in the power system grid, it is very essential 
to utilize the maximum available power from the wind for 
operate the wind turbine (WT) at its maximal energy 
conversion output. For this, the wind energy conversion 
system (WECS) has to track or operate at the maximum 
power point (MPP). However, making a choice on an exact 
MPPT algorithm for a particular case requires sufficient 
proficiency because each algorithm has its own merits and 
demerits. This paper develops the MPPT algorithm for 
tracking maximum power of the wind turbine. The simple and 
effective method is implemented in MATLAB for 
verification of result. 
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INTRODUCTION 
With the increasing environmental concern the old method of 
power generation by burning fossil fuel has been substituted 
by suitable and environment friendly renewable sources. 
Among various types of renewable energy sources, wind 
energy is one of the fastest growing renewable energy 
sources. A renewable energy source has the advantages that it 
is abundant, clean, and becoming increasingly economical. In 
fact, renewableenergy sources help in reducing about 70 
million metric tons of carbon emissions per year that would 
have been produced by fossil fuels. In wind energy 
conversion systems (WECSs), the key technologies include 
wind turbine technology, power electronics technology, and 
system control technology. For the wind turbines, based on 
the orientation of the rotation axis of the wind turbine, there 
are horizontal-axis wind turbines and vertical-axis wind 
turbines. In the horizontal-axis wind turbines, the rotation 
axis of the wind turbine is parallel to the ground, while in the 
vertical-axis wind turbines, the rotation axis is perpendicular 
to the ground. Compared to the vertical-axis wind turbines, 
horizontal-axis wind turbines have higher wind energy 
conversion efficiency, which are widely applied in the wind 
energy industry. The wind turbines can also be classified as 
fixed-speed wind turbines and variable-speed wind turbines 
based on whether the operation speed is controllable. 

II BACKGROUND OF WECS 
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 rise of renewable energy application [1–5]. In 
this frame of reference, among the various RES, wind energy 
is the most adorable and quickly developing source of 
electricity nowadays [6–8]. According to the global wind 
market statistics released by the Global Wind Energy Council 
(GWEC), 51,473 MW of new wind generating capacity was 
added in 2014. This figure represents a 44% annual increase 
and the total cumulative installations stand at 369,597 MW at 
the end of 2014 [9]. Therefore, spreading of wind power in a 
power system is assumed to be highly developed. Here the 
crucial concern of the WECS is how to efficiently obtain the 
maximum 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. 

 

Fig 1: Block diagram of a typical grid-connected WECS. 

In WECS, electrical energy is generated from wind 
employing a wind 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. 
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Although there are various types of wind turbines, relying 
upon fixed or variable wind speed, the maximum energy can 
be extracted only by variable speed wind turbines (VSWT). 
In contrast to fixed speed wind turbines (FSWT), VSWT 
needs a partial or full order power converter for power flow 
control, MPPT control and delivering a high quality of power 
[11–18]. Since these turbines can vary their rotational speed 
to follow the instantaneous variation in wind speed, they are 
able to preserve a constant rotational speed to wind speed 
ratio, called the optimum tip speed ratio (TSR) [22] for which 
the extracted power is maximized [23]. 

In addition to this, VSWT can be controlled to minimize the 
stress on the tower structure, gears and wind generator (WG) 
shaft, since the blades absorb peaks of WT torque during the 
variation of the WG speed of rotation, leading to a longer 
installation life of WECS [18]. In VSWT system, the electric 
generators mostly fall into either synchronous generator or 
asynchronous generator [18, 24, 25], in which the prime 
mover and subsequently the rotor rotate at synchronous and 
super-synchronous speed respectively for generating mode. 
The Wound Rotor and Permanent Magnet type of generators 
are considered under synchronous generator and under 
asynchronous generator, the Squirrel Cage, Wound Rotor and 
Doubly Fed type of generators are considered. 

Under IPC three different types of MPPT algorithm have 
been considered. The first type of MPPT is the tip speed ratio 
(TSR) algorithm [27]. This requires an anemometer which, 
however, is inaccurate due to the turbulence of WT blades 
and the variation of the wind speed along the length of the 
blade [28]. The other two algorithms are power signal 
feedback (PSF) [27,29] and optimal torque (OT) MPPT 
algorithm [30–32] which do not need the anemometer, but 
still require the parameters of specific wind turbine. 

III MODELING OF MPPT BASED WECS 

A. System Modeling 

The system block diagram of the gearless wind generation 
system is shown in fig 2. Wind energy obtained from the 
wind turbine is sent to the PMSG. To generate maximum 
power, rotational speed of the PMSG is controlled by a pulse 
width modulation (PWM) converter. The output power of the 
PMSG is supplied to the power system through a generator 
side converter and a grid side inverter. 

 

 

 

 

 

 

Fig 2: Gearless wind generation system using PMSG. 

 

 

 

 

Fig 3: Wind turbine output power characteristics 

B. Wind Turbine Model 

For the effectiveness of the energy conversion in WECS, 
firstly available energy store in wind s needs to be determined. 
So the actual kinetic energy stored in the wind can me 
expresses as: 

2mV
2
1E =        [1] 

Where E, is the kinetic energy, m is the mass and V is the 
velocity of wind. Since the air particles are moving the total 
mass of the particles for a period of time, t, can be: 

VtrAVtm 2ρπρ ==   [2] 

Where ρ is the air density, and A is the swept area of the 
wind turbine rotor. Here r is the radius of the wind rotor. 
Hence the kinetic energy will be: 

tVr
2
1E 32ρπ=      [3] 

The actual wind at any instant of time can be: 

32
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EP ρπ==

     [4] 

According to Betz's idea, after impacting the rotor blades of 
the wind turbine, the velocity of the wind decreases form V  
to V′ , this means that when the wind passes through the wind 
turbine blades, there is still some kinetic power left in the 
wind. The relationship between the power that is captured by 
the wind turbine and the potential maximum power in the 
wind can be expressed as follows: 

Wind

Turbine
p P

P
C =         [5] 

Where TurbineP , is the mechanical power captured by the wind 
turbine, and pC  is the power coefficient of the wind turbine 
which can be expressed as follows: 
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Where, 
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And, 

V
rmω

λ =        [8] 

Where β , is the blade angle which is indicated in Figure 1, 
and λ is the tip speed ratio of the wind turbine, while mω is 
the angular speed of the wind turbine generator. The values of 
the coefficients ( )61 cc ~ depend on the type of the wind 
turbine. Now the power captured by the wind turbine can be 
written as: 

( ) 3
p

2
Turbine VCr

2
1P βλρπ ,=       [9] 

C. Maximum Power Point Tracking Control for PMSG based 
WECS 

Wind energy, even though abundant, varies continually as 
wind speed changes throughout the day. Amount of power 
output from a WECS depends upon the accuracy with which 
the peak power points are tracked by the MPPT controller of 
the WECS control system irrespective of the type of 
generator used. The maximum power extraction algorithms 
researched so far can be classified into three main control 
methods, namely Tip Speed Ratio (TSR) control, Power 
Signal Feedback (PSF) control and Hill-Climb Search (HCS) 
control. 

 

 

 

 

Figure 4: Power Signal Feedback (PSF) control of WECS 

In PSF control, it is required to have the knowledge of the 
wind turbine’s maximum power curve, and track this curve 
through its control mechanisms. The maximum power curves 
need to be obtained via simulations or off-line experiment on 
individual wind turbines. In this method, reference power is 
generated either using a recorded maximum power curve or 
using the mechanical power equation of the wind turbine 
where wind speed or the rotor speed is used as the input. 
Figure 4 shows the block diagram of a WECS with PSF 
controller for maximum power extraction. 

The power from wind generator is fed to a diode rectifier, so  

dcdcphphg IVIV3P ==      [9] 

Where, gP = Generator output power 

phV = Phase output voltage 

phI = Phase output current 

dcV = DC output Voltage 

dcI = DC output current 

The voltage dcV can be calculated by: 

phL

6

6

Ldc V63V3dV3V
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θθ
π

π

π

=== ∫
−

cos       [10] 

From the Figure 3 of wind generator power versus speed 
characteristics, it is evident that it has a single maximum 
power point and at maximum power production 

0
d
dP

=
ω

     [11] 

Whereω represents the wind generator speed. Now applying 
differentiation chain rule to the above equation we get 

0
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For DC-DC boost converter: 

( ) 0dc VD1V *−=    [13] 

0
V
1

dV
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0dc
≠−=   [14] 

For wind generator 

0p
d
d e ≠=
ω
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phdc VV ∝    [16] 

Combining all the above results it is clear that 
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   [17] 
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This shows that the steepest-ascent algorithm is ensures 
convergence. The negative sign indicates that the rate of 
change of power with respect to generator speed is opposite 
to that of the duty cycle. Similarly from the plot of 𝑃𝑃𝑑𝑑𝑐𝑐 versus 
𝑉𝑉𝑑𝑑𝑐𝑐 in Figure 4.2, it is also evident that at MPP 

 

 

 

 

 

Figure 5: Rectifier output versus voltage graph for 
changing wind 

IV SIMULATION & RESULT 
The complete MPPT based WECS with PMSG was simulate 
by MATLAB/Simulink using the parameter given in Table 1. 
The simulation is based on generator side control strategy. 
The PSF methodology is implemented for MPPT for boost 
converter. The wind speed is kept contat at 12 m/S. pitch 
angle is selected zero. 
Table 1: Parameter and operating condition of Generator 
side control system 

Wind Turbine Data 

Nominal Mechanical Output Power 8.5 kW 

Power Factor 0.9 

Base wind speed (m/s) 12 

Maximum Power at base wind 

speed 

1 

Pitch angle  0 

Generator Data 

Generator type PMSG 

Generator Power 10kW 

Back EMF waveform sinusoidal 

Flux linkage  0.433 

 

 

 

 

 

 

 

Figure 6: SIMULINK Model of MPPT based WECS with 
PMSG. 
Figure 6 shows the Simulink model of the work. Here PMSG 
is used of generation of the voltage. The MPPT algorithm is 
used for generating pulse for boost converter to give the 
voltage. 

 

 

 

 
 
Figure 7: Generator speed in PU system with MPPT 

 

 

 

 
 
Figure 8: Generator speed in pu system without MPPT 

 

 

 

 

Figure 9: Electric Torque developed by Wind Generator 
with MPPT 
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Figure 10: Electric Torque developed by Wind Generator 
without MPPT 

Figure 7-14 shows the outputs generated with and without 
MPPT based WECS with PMSG. Here it is clear the MPPT is 
very useful for generation for optimal application of WECS. 

 

 

 

Figure11: Mechanical Torque developed by Wind 
Generator with MPPT 

 

 

 

Figure 12: Mechanical Torque developed by Wind 
Generator without MPPT 

 

 

 
 
 
 
 
Figure 13: R.M.S value of Generated Line Voltage with 
MPPT 

 

 

 

 

 

 

Figure 14: R.M.S value of Generated Line Voltage 
without MPPT 
 

V CONCLUSION 
Wind energy conversion system is now a very useful system 
in that area where power grid is not available for supply the 
power. Here is this paper the a wind energy conversion 
system is developed with permanent magnet synchronous 
generator. The power signal feedback MPPT algorithm is 
applied on it for giving maximum power conversion. The 
whole work is simulated in MATLAB for finding the results. 
The simulations highlight that the designed controllers shows 
very good response and work very well for PSF based WECS 
with PMSG. 
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