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Comparative study of maximum power point
tracking algorithms for wind turbine using
permanent magnet synchronous generator

Huynh Quang Minh, Nguyen Van Liem

Abstract— Wind power is more and more
developed as a renewable energy source. It is very
essential to extract the maximum available power
from the wind by operating the wind turbine at its
optimal operating condition, called maximum power
point tracking (MPPT). Perturb & Observe (P&O)
is the simplest and mostly used algorithm for this
purpose. However, this algorithm has its own
disadvantages such as oscillation at maximum power
point and wrong directionality under fast variation
wind speed. Lots of publications are presented to
solve these problems. In this paper, a conventional
P&O algorithm, a modified MPPT algorithm and a
fuzzy MPPT algorithm for variable speed wind
turbine using permanent magnet synchronous
generator (PMSG) are tested and compared in the
terms of complexity, speed responses and the ability
to acquire the maximal energy output.

Index Terms—wind turbine, permanent magnet
synchronous generator, maximum power point
tracking, perturb and observe, modified algorithm,
fuzzy controller.
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1 INTRODUCTION

In recent years, the use of renewable energy
resources is more and more increased due to the
increasing need for energy and the shortage of
traditional energy sources in the near future [1].

Many research and development in wind
energy conversion system (WECS) have shown
their excellent potential for remote areas located
so far from power stations and distribution
networks which are uneconomical to install [2]. A
practical approach for stand-alone power
generation is to use a variable speed permanent
magnet synchronous generator (PMSG) driven
wind turbine to create an autonomous system.
PMSGs are used widely in stand-alone WECS
because of its advantages: higher reliability, less
maintenance and more effectiveness. Besides, it is
suitable for variable speed operation, which
provides 10 - 15% higher energy output, lower
mechanical stress and less power fluctuation
compared with constant speed operation [3].

In order to take benefit from variable speed
WECS, we must develop a system capable of
extracting maximum power from the wind at
different conditions. There are two type of
maximum power point tracking (MPPT) method
for wind turbine: indirect and direct. Indirect
methods are based on the knowledge of the
generator’s power characteristic, which is usually
not available with a high degree of accuracy and
also changes with rotor aging and require wind
speed measurement [4]. On the other hand, direct
methods are independent from the knowledge of
the generator curve, and the operating point is
independent of climatic conditions [5]. In this
paper, three direct searching MPPT controllers for
stand-alone variable speed PMSG driven wind
turbine are compared in extracting maximum
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power from wind without any knowledge about
generator’s characteristic or ambient condition.

2 PMSG DRIVEN WIND TURBINE

2.1 Wind aerodynamic

Mechanic power of a wind turbine can be
expressed in terms of the air density p, the blade
radius Rpiage, and is the wind speed Vying [6]:

P =0.5C p”Rblade wind (1)

where C, is the power coefficient. This coefficient
is also known as Betz limit. It can be expressed in
terms of reduced velocity A and blade angle g. If
w is the rotor speed, the reduced speed A is
defined:

;L walade / wind (2)
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Fig. 1. Cpvs. 4, for various pitch angles p.

A generic equation is used to model the power
coefficient C, = Cp(4,p), based on the modeling
turbine characteristics described in [6]:

C, (4, f)=05(98/ 4 —0.45-5)e ¥ (3)
where:
2 =1/[1/(2+0.083)-0.035/(4° +1)] (4)

The characteristic function Cp vs. 4, for various
values of the pitch angle g, is illustrated in Fig. 1.
The maximum value of C, is achieved for g = 0°.
This particular value Ao results in the point of
optimal efficiency where the wind turbine
captures the maximum power [7]. In this work, a
typical small-sized three-bladed horizontal-axis
wind turbine generator without pitch control is
considered, so g = 0° at all times.

If the speed ratio is maintained at its optimal
value Aopt, the power coefficient is at its maximum

value C,, =C (4,), the maximum power
extracted from the wind turbine will be:
Pm_opt 0.5C pM P Rblade wind (5)

On the other hand, the speed ratio assumed to
be maintained at the optimum value, we obtain the
optimum speed rotor:

Aopt = Pt Rojage 1V

opt ' “blade

=A v. [R

opt " wind

wmd

(6)
- wu blade

Thus, for each wind speed vwing, there is an
optimal rotor speed wopr Which made a maximum
power recovered from the wind (Fig. 2).
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Fig. 3. PMSG driven wind turbine configuration.

2.2 Electrical system modeling

The WECS incorporated in our scheme consists
of a wind turbine coupled to a PMSG. Since the
PMSG produces variable amplitude - variable
frequency voltage, additional power electronic
devices are required to meet power quality
demand. A three-phase diode bridge rectifier is
used for the AC/DC conversion. A boost
converter (DC/DC) is used to vary the rotor speed
by adjusting the converter’s duty cycle.

The dynamic model of PMSG can be
represented in the Park’s system using these
equations [8]:

V, =Ry — L,di, / dt + oL i @
V, =-Rii, - L di, /dt—oL,i, + 04, (8)

The expression of electromagnetic torque in the

rotor is given by:

T, =3/2p[ (L, ~ Ly )igia = Anl | 9)
®, = ®.p (10)
where p is the number of pole pair, An is the

magnetic flux, Lq is the direct axis inductance, Lq
is the inductance in quadrature, Rs is the stator

resistance and @ is the electrical angular
frequency.
If the rotor is cylindrical, Lg ~ Lq ~Ls so:
T, =-1.5pi (11)

Relationship between mechanical torque and
electromagnetic torque in a wind turbine:

T -T, =Jde/dt (12)



102 Science and Technology Development Journal, vol 20, no.K3- 2017

where J is the inertia of the wind turbine.
In PMSG wind generation systems, the output
current and voltage are proportional to the

electromagnetic torque and rotor  speed,
respectively [9]:
T, =k 1, (13)
E=ko (14)

Where |, is the stator current. On the other
hand:

E2 =V +(I,.Lo) (15)
Vwr is the generator phase voltage and L is the
inductance of the generator.
From (14), (15) we have:
@V, > dw/dtocdV,, /dt (16)

Thus, in a variable speed PMSG driven wind
turbine, we can vary the output voltage Vwr of the
generator to change the rotor speed w. If we can
control our system to work at the optimal rotor
speed wopt, Maximum power will be extracted
from the wind turbine.

3 MPPT ALGORITHMS

3.1 Conventional Perturb & Observe (P&O)
MPPT controller

In the field of MPPT for wind energy, the P&O
algorithm is a very popular method because of its
simplicity and easy implementation. The main
idea is the perturbation of rotor speed and takes
reaction to reach the maximum power point
(MPP). If the variation of the rotor speed
increases the power extracted, the next variation
will be kept in that direction. Conversely, if the
variation of the rotor speed decreases the power
extracted, the next variation will be reversed [10].

However, this method has its own negative
points. The response to wind speed change is
extremely slow, especially for large inertia wind
turbines [11], [12]. Rapidly fluctuating character
of wind supply makes the situation even worse.
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Fig. 2. Mechanic power vs. rotor speed.

Oscillation around the MPP is also another
inevitable disadvantage. All these drawbacks can
significantly lower MPPT efficiency and may
cause oscillation in the system [13].

3.2 Modified P&0O MPPT controller

The modified P&O method is based on the
inductor’s current of the boost converter [14]:
i, =V /Z. @an
where Zpc is the input impedance of the boost
converter.

From (1) we can conclude that:
T oV, (18)

wind

From (12), (16) and (18) we have:

dv,, /dtec v, , (19)
On the other hand, from (17):
dv, /dteci, (20)

We can see that the slope of the rectifier’s
voltage is more sensitive with the change of wind

speed (v2,,) than the change of the inductor’s

current (ip). If the perturbation makes this current
vary, the slope of the voltage will vary slightly to
observe the power of system. On the other hand,
when wind speed changes, the slope of the voltage
will change rapidly, so we can easily recognize
the change of wind speed and system’s
perturbation. Via this variable, we can observe
easily any change of wind speed in our system. If
there is no variation of wind, the slope is small
and lower than a threshold while wind speed
varies fast, the slope is remarkable [14].

The modified algorithm uses the inductor’s
current as a perturbation variable. The rectifier’s
voltage is not controlled, it is observed and the
step size of the algorithm is based on its variation
when wind speed. The modified method works in
2 modes: Conventional P&O in low variation
wind condition, in which use adaptive step size
with the change of power and the 2" mode is a
predictive mode in high variation wind condition.
This mode will make the system work near the
MPP when wind speed changes by using the slope
of the rectifier’s voltage to decide the direction
and the step size of the next perturbation. When
our system reach the MPP, the slope is very small
(=0), this will also reduce the oscillation of the
controller.

3.3 Fuzzy MPPT controller

The fuzzy MPPT algorithm is based on the
relationship between wind power and rotor speed
at the MPP:
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dP/dw=0 (21)
Applying the chain rule, we have:
dP/dw=(dP/dV).(dV /dw)=0  (22)
In a PMSG, rotor speed is proportional to the
generator phase voltage, so:

dvV/dew >0 (23)
Then:
dP/dw=0=dP/dV =0 (24)

On the MPP, we have dP/dV=0. If we are in
the up-hill region (dP/dV>0), we should increase
the voltage to reach the MPP. If we are in the
down-hill region (dP/dV<0), we should decrease
the voltage to reach the MPP. Thus, whenever
wind speed or load demand change, wind turbine
power or wind turbine output voltage will vary, so
the controller can recognize these change and
react to reach the new MPP.

To implement this algorithm in a fuzzy
controller, we need two inputs: change in wind
turbine power and its derivative, output is the
change of duty cycle of the boost converter.

4 SIMULATION AND RESULTS

4.1 Tested system and initial conditions

The modified P&O controller is designed to
track the MPP of the stand-alone WECS whose
inputs are wind turbine power, inductor’s current
and rectifier’s voltage, and output is duty ratio of
the boost converter. The control algorithms are
implemented and tested in Simulink/Matlab (Fig.
4).

Wind speed is varied within 12 seconds to test
our controllers in fast climatic conditions (Fig. 5,
6).

Fig. 4. Simulation in MATLAB/Simulink.
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Fig. 6. Power vs. rotor speed curves.

4.2 Result and discussion

We can see that when wind speed changes,
the power extracted from our WECS is
maximized near the theory line. The modified
controllers are stable at MPP and extract more
power than the conventional one (Fig. 7, 8).
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Fig. 8. Duty cycle.

Zoom into the power extracted with wind speed
at 5m/s and 7m/s (Fig. 9, 10), we can see that the
modified methods extract more power compare
with conventional P&O, and there’s no oscillation
at the MPP.

(10)
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Fig. 9. Power extracted at vwina = 5m/s.
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Fig. 10. Power extracted at Vwinrji =T7m/s.

The modified controllers has find out whenever
the wind speed increases or decreases and reacts
rapidly with this change to move to the new MPP
while original P&O still searching for the new
MPP (Fig. 11, 12).

We can see that two modified controllers work
well to track the MPP when wind speed change
rapidly and extract more power than the
conventional P&O controller.
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Fig. 11. Detection of increasing wind speed.

Fig. 12. Detection of decreasing wind speed.

5 CONCLUSION

In this paper, three direct MPPT methods for
WECS are compared. Without information of
wind speed or generator’s power characteristic,
control signals were generated to recover
maximum power from the wind in fast climatic
condition. Simulation result shows good behavior
of the controllers to achieve the MPP and avoid
the disadvantages of conventional P&O method.
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So sanh cac giai thuat tim ki€ém diém lam viéc
cuc dai cho tua bin g16 sit dung may phat dong
bd nam cham vinh ctu

Huynh Quang Minh, Nguyén Vian Liém

Tom tiit— Niang luong gié dugce sir dung ngay cang nhiéu trén thé gioi. Thuét toan do tim diém lam viéc cuc dai
cho tua bin gié rat cin thiét dé co thé 1dy dugc tdi da nang luong tir gié. Nhidu loan va quan sat 13 giai thuat don
gian va duoc st dung nhidu cho muc dich nay. Tuy nhién, giai thudt nay ¢6 nhitng nhuoc diém nhu dao dong quanh
diém lam viéc cyc dai va do tim sai khi tc d6 gi6 thay ddi nhanh. C6 rét nhidu cong trinh nghién ctru dé giai quyét
nhimg han ché nay. Trong bai bdo nay, giai thuat nhidu loan va quan sat truyén théng, nhidu loan va quan sat cai
tién va didu khién mo cho tua bin gié s dung may phat ddng bd nam cham vinh ciru s& duoc so sanh véi nhau vé

d6 phirc tap, téc do dap tmg va kha ning thu cong suét.

Tir khéa— Tua bin gid, may phat déng bd nam cham vinh ctru, do tim diém 1am viéc cong sult cuc dai, nhidu

loan va quan sat, giai thuat cai tien, diéu khién mo.
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