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Abstract
Wind energy is one of the most promising renewable energy 
resources for producing electricity due to its cost competitiveness 
compared to other conventional types of energy resources. It takes a 
particular place to be the most suitable renewable energy resources 
for electricity production. It isn’t harmful to the environment 
and it is an abundant resource available in nature. Hence, wind 
power could be utilized by mechanically converting it to electrical 
power using wind turbine, WT. Variable-speed operation has many 
advantages over fixed-speed generation such as increased energy 
capture, operation at MPPT over a wide range of wind speeds, high 
power quality, reduced mechanical stresses, aerodynamic noise 
improved system reliability, and it can provide (10-15) % higher 
output power and has less mechanical stresses in comparison with 
the operation at a fixed speed.
PMSG appears more and more attractive, because the advantages 
of permanent magnet, (PM) machines over electrically excited 
machines such as its higher efficiency, higher energy yield, no 
additional power supply for the magnet field excitation and higher 
reliability. The concept is analyzed in a 2MW direct drive variable 
speed permanent magnet synchronous generator (D-PMSG) WECS 
with back-to- back IGBT frequency converter. Confirmation of 
models and control schemes is performed by using the MATLAB/
Simulink environment.
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I. Introduction
Due to the increased number of wind turbines installed, the energy 
production by means of wind power is increasing by approximate 
30% annually [1] .Even though the wind power is abundant, it’s 
essential for us to extract maximum power from the available wind 
power. In [2], Maximum Power Point Tracking (MPPT) control is 
achieved by using stator frequency derivative and power mapping 
technique. The maximum power curves for power mapping are 
established by running several simulations or offline experiments 
at various wind speeds. In [3], fuzzy logic based MPPT controllers 
are proposed. The MPPT controllers proposed in these works 
generate optimum speed command for the speed control loop 
of the machine side converter control system enabling optimal 
power tracking. Optimum power search algorithm is proposed 
in [4] which uses the fact that dp/dw=0 at peak power point. The 
algorithm dynamically modifies the speed command in accordance 
with m the magnitude and direction of change of active power. 
In this paper, a simple wind speed sensor less MPPT controller 
for variable speed WECS is proposed. The proposed method of 
tracking maximum power point does not require the knowledge 
of turbine parameters or air density in addition to not requiring 
the knowledge of wind speed. The algorithm requires only the 
instantaneous active power as its input and generates at its output 
the optimum reference speed for the vector controlled machine 

side converter control system in order to enable the system to 
track maximum power point. 

II. Wind Turbine Characteristics and Modelling
In order to capture the maximal wind energy, it is necessary to 
install the power electronic devices between the WTG and the grid 
where the frequency is constant. The input of a wind turbine is the 
wind and the output is the mechanical power turning the generator 
rotor. For a variable speed wind turbine, the output mechanical 
power available from a wind turbine could be expressed as
P m =0.5ρAV 3 C p (λ,ß)    (1) 
λ=Rω/v      (2)   
Cp(λ,β)=0.5176((116/λi)-0.45β–5)e-21/λi+0.0068λ (3)    
1/λi=[1/(λ+0.08β)–0.035/(β3+1)]   (4)
Pm -mechanical output power of the turbine (W); ρ –Air density 
(kg/m3); A-Turbine swept area (m2); v-Wind speed (m/s); 
R-turbine  radii(m); Cp(λ ,β ) –performance coefficient of the 
turbine; ω-turbine  angular  velocity  (rad/s);  β –Blade pitch 
angle (deg); λ -Tip speed ratio of the rotor blade tip speed to 
wind speed.
Equation of the wind turbine is given as: 
Tm–Te–F*ω=Jdω/dt     (5)

Fig. 1: Power Coefficient Versus Tip Speed Ratio

The Cp-λ characteristics, for different values of the pitch angle β, 
are illustrated in figure 1. The maximum value of Cp (Cpmax = 
0.48) is achieved for β = 0 degree and for λ = 8.1. This particular 
value of λ is defined as the nominal value.

III. Maximumpower Point Tracking Control
In this paper, the 2 MW wind turbine is considered. Its power 
coefficient curve with MPPT is shown in fig. 2, from which it can 
be seen that, for any particular wind speed, there is a rotational 
speed ωm that corresponds to the maximum power. When the 
wind speed changes, the rotational speed is controlled to follow 
the maximum  power point trajectory Note here that precise 
measurement of wind speed is difficult.
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Fig. 2. Turbine Power Characteristics

Therefore, it is better to calculate the optimum speed without 
measuring wind speed. The flow diagram in fig. 3 shows how the 
proposed MPPT controller is executed.

Fig. 3: Flow Chart of MPPT Controller

If the power in the present sampling instant is found to be increased, 
i.e. ΔPm (n) > 0, the command speed ωr is incremented. If the 
power in present sampling instant is found to be decreased, i.e. 
ΔPm (n) < 0, then, the command speed is decremented. The values 
of K are determined by running several simulations using different  
values  and  selecting  the  ones  which give best results.

IV. Electrical Scheme of WECS

Fig. 4: Electrical Scheme of a WECS

The block diagram of a typical variable speed synchronous 
generator WECS is shown in Figure4. The system consists of a 
wind turbine, a synchronous generator, power converters (rectifier 
and inverter) and a transformer for grid connection.

V. The WECS Control Schemes
The control scheme shown in fig. 5 (a) is used as the control .. 
methodology for the generator side rectifier. Because this rectifier 
is directly connected to the PMSG, its q-axis current can control 
the DC-link voltage. For another thing, the d-axis stator current can 
control the reactive power the id instruction is usually set as 0.

(a). Control Block Diagram of the Generator Side Rectifier

(b). Control Block Diagram of the Grid Side Inverter
Fig. 5: The Control Strategy for PMSG

The control block for the grid side inverter are shown in fig. 5(b).
The q-axis current can control the active power .The inside-loop 
control is the same as generator-side.

VI. Proposed PV System
The word “photovoltaic” consists of two words: photo, a greek 
word for light, and voltaic, which defines the measurement value 
by which the activity of the electric field is expressed, i.e. the 
difference of potentials. Photovoltaic systems use cells to convert 
sunlight into electricity. Converting solar energy into electricity 
in a photovoltaic installation is the most known way of using 
solar energy.



IJEAR Vol. 4, IssuE spl-1, JAn - JunE 2014

w w w . i j e a r . o r g InternatIonal Journal of educatIon and applIed research  93

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

The light has a dual character according to quantum physics. 
Light is a particle and it is a wave. The particles of light are called 
photons. Photons are massless particles, moving at light speed. The 
energy of the photon depends on its wavelength and the frequency, 
and we can calculate it by the Einstein’s law, which is:
                                   E=hv
Where
E- photon energy, h- Planck’s constant (h = 626×10−34Js)
v- photon frequency
In metals and in the matter generally, electrons can exist as valence 
or as free. Valence electrons are associated with the atom, while the 
free electrons can move freely. In order for the valence electron to 
become free, he must get the energy that is greater than or equal 
to the energy of binding. Binding energy is the energy by which 
an electron is bound to an atom in one of the atomic bonds. In 
the case of photoelectric effect, the electron acquires the required 
energy by the collision with a photon. Part of the photon energy 
is consumed for the electron getting free from the influence of the 
atom which it is attached to, and the remaining energy is converted 
into kinetic energy of a now free electron. Free electrons obtained 
by the photoelectric effect are also called photoelectrons. The 
energy required to release a valence electron from the impact of 
an atom is called a ‘’work out’’ Wi, and it depends  on  the  type  
of  material  in  which  the  photoelectric  effect  has  occurred.  
The equation that describes this process is as follows:
hv= Wi+ Ekin  
Where
hv - photon energy, Wi, -work out, Ekin - kinetic energy of emitted 
electron.

PV-cell Modeling

 
Fig. 6: Practical PV Device

Series resistance (R s): gives a more accu-rate shape between the 
maximum power point and the open circuit voltage. Temperature 
dependence of the reverse Temperature dependence of the reverse 
saturation current of the diode is (𝑰𝒅). Temperature dependence of 
the photo-generated current is (𝑰𝒑𝒗), Current source: proportional 
to the light falling on the cell in parallel with a diode

Fig. 7: Matlab Model of PV- Array

VII. Simulink Implementation

Fig. 8: Simulink Model of Entire WECS

The  simulink  model  of  the  entire  WECS  is shown in Figure8. 
It consists of three major blocks: wind turbine and PMSG, rectifier 
control block and inverter control block.

Fig. 9: Matlab Model of PV-Wind Hybrid System

VIII. Experiments and Analysis
The proposed control strategy has been numerically tested in 
simulation by MATLAB/ SIMULINK. The simulated system 
parameters are listed in the Table 1. In two typical wind 
conditions.

Table 1: Simulation Parameters

Turbine model 3 blade Horizontal Axis

Blade angle β = 0
Air density ρ = 1.225kg/m3

λopt 8.1

Generator parameter 2MW D-PMSG
Number of poles 60
Rated power factor 0.95
Rated speed 22.5rpm
Inverter 4MW Double PWM
Grid voltage 380 AC

In the simulation, two wind conditions are involved:
(1)  Ramp  wind,  when  t=1s,  the  wind  speed varies from 6 m/s 
to 9 m/s gradually;
(2) Gust wind, when t=0.75s, a gust wind with an amplitude of 
9 m/s bursts out.
The simulation results in the above conditions are illustrated from 
figure 10 till fig. 11 while the pitch angle of wind turbines maintains 
zero degree and the command value of id is set to be zero.
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(a) Wind speed (m/s)

(b) Power (W)
Fig. 10: Instant Response of the Novel Algorithm (Ramp Wind)

In  ramp  and  gust  condition,  Fig. 10  and Fig. 11 show that the 
turbine speed and power response of the novel algorithm. Even 
though the sample is 0.01s, there must be some delay between 
ωm and ωr, it is obvious from the results of  simulation  that  the  
turbine  speed  and  the power can follow the varying of wind 
closely and smoothly.

  
(a) Wind speed (m/s)           

      
(b) Power (W)
Fig. 11: Instant Response of the Novel Algorithm (Gust Wind)

Fig. 12: FFT Analysis of WECS

Fig. 13: FFT Analysis of Hybrid PV-WECS

In all, the novel  algorithm can achieve MPPT under the dynamic 
and shifty wind. Fig. 12 and Fig. 13 show that the FFT analysis 
during WEC system and PV-WEC system.

IX. Conclution
This paper proposes a novel MPPT control strategy which takes 
dynamic of wind turbine into account, in theory analysis and 
simulation results prove that the control strategy is so sample, 
efficient and flexible that it is a quite effective method to fulfill 
MPPT and be used to practice production. And with the Hybrid PV-
Wind turbine System the total harmonic distortion is reduced from 
24.91%   to 17.51%.  In further work to that fuel cell, battery can 
also be added so that in night time when solar power is unavailable 
the fuel cell and battery can act as a backup source of power.   

References
[1] Mingxing Zhou, Guangqing Bao, Youmin Gong,  “Maximum  

Power  Point  Tracking Strategy for Direct Driven 
PMSG”.

[2] T.   Ackermann,"Wind   power   in   power systems", John 
Wiley, Ltd, 2005.

[3] K. Tan, S. Islam,“Optimum control strategies in energy 
conversion of PMSG wind turbine system without mechanical 
sensors”, IEEE Trans. Energy Conv., Vol. 19, No. 2, pp. 392-
399, June 2004.

[4] R. Datta, V. T. Ranganathan,“A method of tracking the peak 
power points for a variable speed  wind  energy  conversion  
system”, IEEE Trans. on Energy Conversion, Vol. 18, No. 
1, pp. 163-168, March 2003.

[5] Thongam, J.S. Bouchard, P. Ezzaidi,“Wind Speed Sensorless 
Maximum Power Point Tracking   Control   of   Variable   Speed   
Wind Energy  Conversion  Systems”,  IEEE International 
Electric Machines and Drives Conference. pp. 1832 – 1837, 
May 2009.



IJEAR Vol. 4, IssuE spl-1, JAn - JunE 2014

w w w . i j e a r . o r g InternatIonal Journal of educatIon and applIed research  95

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

[6] Ye  Hangzhi,"The  control  of  Wind  Power System [M]", 
Beijing, Machinery Industry Press, 2002.

[7] The Math Works Inc. Writing S-Functions, Natick, MA, 
2008.

[8] Jian Gao, Jining Lu, Keyuan Huang,“A Novel Variable 
Step Hill-Climb Search Algorithm Used for Direct Driven 
PMSG”, ICEET ‘09. International Conference on Energy and 
Environment Technology, Vol. 1. pp. 511 –514, Oct. 2009.

[9] Shoudao  Huang,  Xin  Long, Luoqiang Cai,“An engineering 
design of a 2MW direct- drive permanent-magnet wind-power 
generation system”, ICEMS 2008. International Conference 
on Electrical Machines and Systems, pp. 2337 –2342, Oct. 
2008.

[10] S.M. Muyeen, Junji Tamura, Toshiaki Murata,"Stability 
Augmentation of a Grid- connected Wind Farm", Springer, 
20

[11] Jayshree sahu, M.Ashfaque Khan, Dr.S.K.Sahu, 
"Comprehensive evaluation of PV-Wind  Hybrid system”, 
(IJARCSEE) Vol. 2, Issue 3, March 2013.

[12] Jayshree sahu, M.Ashfaque Khan, Dr. S.K.Sahu, 
"Comprehensive evaluation of PV-Wind  Hybrid system”, 
(IJARCSEE) Vol. 2, Issue 3, March 2013.

[13] Tomas Markvart,“Solar electricity”, Wiley, 2000
[14] M. Bradt, B. Badrzadeh, E. Camm, D. Mueller, J. Schoene, 

T. Siebert, T. Smith, M. Starke, R. Walling,“Harmonics and 
Resonance Issues in Wind Power Plants”, IEEE PES Wind 
Plant Collector System Design Working Group

[15] Jogendra Singh Thongam, Mohand Ouhrouche,“MPPT 
Control Methods in Wind Energy Conversion Systems”, 
Department of Applied Sciences, University of Quebec at 
Chicoutimi Quebec Canada.

[16] [Online] Available: http://www.mathworks.com
[17] [Online] Available: http://www.google.com


