Journal of Theoretical and Applied Information Technology
15 May 2012. Vol. 39 No.1 B

© 2005 - 2012 JATIT & LLS. All rights reserved-

" A mmmm—
S/ i1l

ISSN: 1992-8645 www.jatit.org E-ISSI¥17-3195

PITCH ANGLE CONTROL FOR VARIABLE SPEED WIND
TURBINES USING GENETIC ALGORITHM CONTROLLER

OUISSAM BELGHAZI,MOHAMED CHERKAOQUI
Department of Electrical Engineering, Mohammadiad®t of Engineering- BP 767-Rabat- Morocco

E-mail; ouissam.belghazi@yahoq.fr

ABSTRACT

The pitch angle control is the most common meamsaffjusting the aerodynamic torque of the wind
turbine when we rate wind speed, controlling vasiaariables could be chosen, as generator power,
generator speed and wind. As conventional pitchrobrustomarily use Pl controller, the mathemadtica
model of the system should be well known. The clar design by the genetic algorithm is developed
this paper. The genetic algorithm control stratemy have the potential when the system contaiosgtr
non-linearity, such as wind turbulence is stronpe T™esign of controller strategies at is minimuntl wi
address the following elements: Optimization of powroduction with simultaneous load reductionhaf t
main wind turbine components, Adapt control withprect to real operational conditions.

In my research | found out that the genetic alpanitcontroller can achieve better control perfornegnc
than conventional pitch angle control strategies.
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1. INTRODUCTION curve of a given wind turbine has a maximum
There are usually two controllers for the

Electricity generation from renewable resourcesyariable-speed wind turbines which are cross-
and particularly from the wind, is considered todaygoupled each other.
as a competitive and necessary alternative tolfossi In low wind speed below rated value, the speed
resources. controller can continuously adjust the speed of the

Wind turbines can operate with either fixed speerbtor to maintain the tip speed ratio constanthat t
(actually within a speed range about 1 %) olevel which gives the maximum power coefficient,
variable speed, Pitch-adjusting variable-speed wirahd then the efficiency of the turbine will be
turbines have become the dominating type of yearlsignificantly increased, the generator is contrblle
installed wind turbines in recent years, Severddy power electronic equipment, which makes it
reasons, such as the reduction of both theossible to control the rotor speed. In this wag th
mechanical structure stresses and the acoustie nogower fluctuations caused by wind variations can
and the possibility to control active and reactivdbe more or less absorbed by changing the rotor
power, have driven the choice for variable speespeed and thus power variations originating from
operation of wind turbines. the wind conversion and the drive train can be

In fact, variable speed operation increases theduced.
energetic efficiency and reduces the drive train Pitch angle regulation necessary in the in
torque and the energy of generating flowconditions above the rated wind speed when the
unsteadiness [1]. rotational speed is kept constant. Small changes in

Control of variable-speed fixed-pitch in thepitch angle can have a dramatic effect on the power
partial load regime generally aims at regulating thoutput. The purpose of the pitch angle control can
power harvested from wind by modifying thebe expressed as follows [2-4]:
electrical generator speed; in particular, the mnt Therefore, control systems for variable speed wind
goal can be to capture the maximum poweturbines should continue to evolve towards more
available from the wind. For each wind speed, ther@and more effective and innovative solutions, also
is a certain rotational speed at which the power
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based on soft-computing methodologies, such &3g. 1 shows that the average power conversion
artificial intelligence and genetic coefficient Cp, is maximum at a particular

The output power of the turbine is given by the i
following equation: 18 e R o

P, = %pﬂRsz (., p) v3 1) u

Wherep is the air density, A is the turbine swept ”

area; v is the wind speed and the power coefficiel k 3 \\\ \'\\ \'\\s
Cp. The power coefficient is a non-linear functior « L
depending on the tip speed ratiandp blade pitch O\ \ i\
angle. C, = C, (A, B). VR WA WA
/1 is defined as VNN \
\ \ \\ VA \\\3 \\ \\
N L N N 5 i \ i
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Where(, the rotation speed of the rotor, R is is Figure 2. Power Coefficient £(4, f), for various
the rotor radius and,;,q the wind speed. values of pitch anglg
The produced torquel; of the turbine can be
found from . . o .
P, 3) The wind turbllne operates, with different dynamics,
T, =— from the cut-in wind speed (usually 3-4 m/s, for
Q¢ modern wind turbines) to the cut-out wind speed

Cp value is calculated using a generic equatiopyround 25 m/s), as shown in Fig.3 .
proposed in [5] given by
Three distinct wind speed points can be noticed in

-S (4)  this power curve:

—~ (C2 _ _ A . .
Co(AP)= Cl(Ai C3.B—cy)e M +ce. A > Vuind_cutin The lowest wind speed at which
Where wind turbine starts to generate power.

1 1 0.035 (5) » Rated wind speed

A A+0.088 1+B°

With ¢; = 0.5176, =116, 6=0.4,G=5,6=21, « Wind speed at which the wind turbine generates
ce = 0.0068 the rated power, which is usually the maximum
power wind turbine can produce.

*  Vyind_curout: Wind speed at which the turbine
ceases power generation and is shut down
(with automatic brakes and/or blade
pitching) to protect the turbine from
mechanical damage.

Figure 1. Power coefficient as a function of the tip-
speed ratio and pitch angle
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Figure 3. Output power Vg wind speed
characteristic

2. GENETIC ALGORITHM PROCESSOR

A genetic algorithm (GA) is a robust
optimization technique based on natural selection.

The basic goal of GA is to optimize functions
called fitness functions. GA-based approaches
differ from conventional problem- solving methods
in several ways .

First, GA work with a coding of the parameter
set rather than the parameters themselves.

Second, GA search from a population of points
rather than a single point.

Third, GA use payoff objective function
information, not other auxiliary knowledge. Finally
GA use probabilistic transition rules, not
deterministic rules. These properties make GA
robust, powerful, and data-independent.

A simple GA starts with a population of
solutions encoded in one of many ways.

Binary encodings are quite common and are used
in this report. The GA determines each string's
strength based on an objective function and
performs one or more of three genetic operators on
certain strings in the population.

GA concepts could be adapted into the form that
is suitable for computer implementation. Fig.4
shows the flowchart of GA.

1. The Initialization generates an initial
random  population  consisting  of
individuals whose characteristics are
coded by the string of zeros and ones.

offspring strings, where individuals with a
higher fitness value will be more Hkely to
be selected than those with a lower fitness
value.

The Crossover divides the binary coding
of each parent into two or more segments
and then combines to give a new offspring
string that has inherited part of its coding
from each parent.

The Mutation inverse bits in coding of the
offsprings with a low probability.

If search goal is achieved, or an allowable
generation is attained, stop. Otherwise

return to step 2).

Gen=0

Initiatization

Elitism

v
¥

A
| Crossocer

v

Mutation

Fitness evaluation

end?

Figure 4. The flowchart of GA

2. The Elitism given a fitness function based A genetic algorithm processor can be constructed
on a suitable performance criterion;to directly execute the operation of a genetic
calculate a fitness value for each stringdlgorithm [1, 2, and 3].

within the population.

It is shown in the Fig 2. Such a processor can

3. The Reproduction based on a probabilityPe used in situations where high throughput is

basis; choose pairs of individuals to breadequired and where the

8
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algorithm is expressible in simple units whi@nc Viina
be synthesized in hardware. This is generally the B
case as genetic algorithms are inherently simpde an ¥, . . s TURBIN
contain only a few logic operations. g I L BN Genelic Mgori
- > Vwina Controller T
aerodynamic torque

3. GENETIC ALGORITHM CONTROLLER t 0,

FOR PITCH ANGLE CONTROL “4 v

Generator

Genetic algorithms are an optimization
technique; they seek the highest quality, thus Figure6. The proposed Genetic algorithm

optimizing the objective function. If we try instba controller
to minimize a function, it will change so that the
quality function is maximized. 4. SIMULATION RESULTS

In this paper, we use the genetic algorithm as _ _
Controller; differently such as an optimization Pitch angle control systems of the wind turbine
technique. were simulated using MATLAB/SIMULINK tool

The proposed Genetic algorithm controllet0 test the control strategy and evaluate the
approach can be better explained by considering tRgrformance of the system.
turbine power curves shown in Fig. 6. The speed variation of the random wind

Assuming that the wind turbine operates initiallyStudies here is shown in Fig. 7, which randoml

at point A, the fuzzy control system from measure§@ries between 10m/s to 18m/s.

. * . . The variations of torque, active power, and pitch
speed ratio\a= ZuarR andpa angle pitch, turbine d P b

Vwind angle vary with the wind speed change are shown
power Pa can derive the corresponding optimurm Fig.7 (b), 7(c), and 7(d), respectively.

T T T
' '

operating point B, giving the desired rotor spee ..

QtB*R

referencelg= v and send a control signal for £

wind §’E
newpe. &

Therefore, the generator speed will be controlleé -
in order to reach the spe&y, andpallowing the **
extraction of the maximunpower Pb from the
turbine.
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Figure7. Pitch angle control strategy: wind

Figure5. Shows the block diagram of the blade speed

angle control system.
For low wind speeds below 7 m/s the turbine
operates at a maximum power coefficient. The

L
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rotational speed of the rotor omega is variable due

to power reference signal of the torque control.

For wind speeds of 7.6 m/s to 10.4 m/s the
turbine operates with a constant speed of 350 rpm
and the tip speed ratio goes down according to wir§]

speed.

At this point the power reference signal is at its

maximum.

In both cases, the speed controller is passiv

keeping the pitch angle constant to the optim

value (-5°).

(]

At 10 m/s rated power is reached and rotor speed

is controlled by pitch adjustment.

5. CONCLUSION

In this paper the method of wind turbine

controller design was presented.

Summarizing, the control technique of wind

(8]

turbines would be ideal if the extracted energy for

each wind speed is maximal. This is difficult to

achieve, especially when the wind speed is lower

(or Higher) than rated.

The approach proposed in this paper used of
designing a controller based on the use of addifici

intelligence specifically algorithm genetics.

The simulation results represent that when the wind

speed changes, this designed controller can achieve

constant output power and constant rotation speed

of wind turbines; it has better

performances.
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