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Abstract

The PID controller design is a very popular method for controlling industrial processes and due to
its simple structure and effective operation; it is used in a wide range of industries. In this paper, a
method is provided for setting up the PID controller and Particle swarm optimization (PSO)
algorithm is used to design a variable speed wind turbine system. The provided method has advantages
such as easy implementation, stable convergence characteristics and high performance in computing.
Finally the results are displayed.
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1 Introduction

According to the forecasts, it is expected that by
2050 global demand for energy grows up to 3
times. At least 15 to 20 percent of global energy
demand will be met directly by new and
renewable energy sources [1]. In the year 2011,
compared to the end of 2009, the rapid growth of
50.532% can be seen in the volume of energy
intake (MW) of wind turbines in the world that
the current leaders of the movement are
advanced industrial countries [2]. The use of
Wind energy is on the rise because it is clean, but
the truth about wind power is that wind energy
is expensive and for economic use, it is necessary
to minimize the occurrence of errors in it [3]. The
first wind turbines connected to the power
network was built on the Orkney Islands in
Great Britain in 1951 [4]. Production of nuclear
and fossil power and other energies which are
harmful for the environment, peace and human
welfare, must be replaced with better methods, it
means that they should turn into the form of
available renewable energy in the environment
[5]. One of the factors which causes tensions and
amortization in wind turbines is fluctuations and
high overshoot. Because the axis of the wind
turbine generator is coupled with the generator
shaft, the speed fluctuations will transfer to the
generator so the amortization of generator and
wind turbine will increase. For this reason,
preventive care and maintenance for the turbines
increases. Due to the high cost of wind turbines
and setting up them in difficult access regions,
such a large depreciation will involve high costs,
which shows the importance of the speed control
of wind turbines. If you do not control the wind
turbine fluctuations, fluctuations in electrical
frequency can be seen in the induction
generators, so with less money, the speed of the
wind turbine can be controlled to a large extent.
So in this article, after the introduction of wind
turbines and their linear model, three types of
controller consist of fuzzy, PID and adaptive
fuzzy PID to control the speed and overshoot of
the wind turbine will be introduced. The results
of its simulation are shown using Simulink /
Matlab software. The results showed that
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adaptive fuzzy PID controller has provided a
good and effective performance for system
response. The paper consists of 6 parts; the first
part is an introduction to wind energy, the
second part introduces wind turbine, the third
part introduces the dynamic relationship of wind
turbine, in the fourth part operator model and
wind turbine controllers are discussed, in the
fifth part simulation and final part VI is the
conclusion.

The introduction of wind turbines

In most wind turbine, rotor and wind turbine
generator are the main control method and
general model of Figure 1 can be considered to
understand the relationship of controllers with
the other components of the wind turbine
system.
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Figure 1: The general model of wind turbines
and their interactions

The general model of a wind turbine includes a
generator / converter model which is located
between wind turbine generator (WTG) and grid
and it is used to convert mechanical power to
electrical power and to determine the rotor
speed. This model also includes a wind turbine
as an electromechanical system for converting
the kinetic energy of wind into electricity. It is a
simple example of a very complex
electromechanical system. The model shows the
active and reactive power which is transferred to
the power system based on input from the
turbine model and condition of the power
system [6]. In the model shown in Figure 2, wind
speed model can be used for generating a wind



signal that can be applied to the rotor, rotor
model is used to convert the kinetic energy
contained in the wind to the mechanical power
can be applied to the generator; The rotor speed
controller is used for deriving a power set point
from the rotor speed versus generator power
control characteristic, based on the actual rotor
speed; pitch angle controller is used for changing
the blade pitch above nominal wind speed
preventing the rotor speed from becoming too
high; voltage controller is used for keeping the
terminal voltage near its reference value;
protection system is used for limiting the
converter current and for switching off the wind
turbine when terminal voltage or grid frequency
deviation exceed a specified value for a given
time. In Fig. 2, the turbine model and its
controllers is depicted.
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Figure. 2: the turbine model and its controllers

The relationships of the dynamic
model of wind turbine

The main dynamics of the variable speed wind

turbine are obtained by the following

mathematical model:

‘Jta).t :Tw _Tm (1)
JI = ID a I (2)

Where Ji is the moment of inertia of the turbine
rotor which is obtained from the equation (2), I is
the moment of inertia, ga is regional density of
the rotor axis, which is obtained by multiplying
the length in the bulk density [7], Wt is Angular
velocity of turbine axis, Tm is the necessary
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mechanical torque to turn the generator, and it is
obtained by the equation (3) [8]:

pARC,V?,

T, =—
2

Where ¢ is air density, A is the area swept by the
blades and Cr is torque coefficient, which
obtained by the following equation Cr = Cp / A
where A is the ratio of the velocity of at the tip of
the blades and it is the ratio of the angular

velocity of the rotor to the linear wind speed at

PO

the tip of the blades ( Vi ), R is the radius of
the wind turbine rotor and Vw is the wind speed.

The wind turbine is determined by the power
coefficient curve (Cp) as a function of the speed
of the blade tip A and pitch angle ( or 0). The
nonlinear dynamic model of turbines around the
operating point is converted to the linear form of
the following equation [8]:

JAw; = YA, + A, + AL @

Where C ,d, and y are linearization coefficients
and here AVw Aw., AP represents a deviation
from the operating point of Vwops [or >Wiop.
Selecting an operating point is important for
maintaining the aerodynamic stability in the
system. Establishment of the blade, @ and wind
speed are fixed values which are selected
suitably for turbine, then using the Laplace
transform function, the equation is obtained as
follows:

J SA@, = TAq +EAV,, (5)+0AU(s) -

The speed of the turbine rotor axis is equal to:

_|< 9 L
Aoy =| <AV, )+ AUS) | - 5 o

Equation (6) represents the linearized model of a
wind turbine, a block diagram of this model is
shown in Figure 3 [8].
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Figure 3: a block diagram of the linearized model
of a wind turbine

Operator model and wind turbine
controller

Here the control of input speed to self-stimulate,
induction generator that moves by the wind
turbine, is done through the control of wind
turbine components. For this purpose, the
linearized dynamics model of the wind turbine is
used. The PID controller is used to control the
speed of the turbine rotor, in practice, to do this,
in addition to the PID controllers, the operator
also must be adjusted until turbine blades placed
in the proper position according to the input
commands of the operator. the operator can, for
example, be a permanent magnet DC motor
which is presented in the block diagram of
Figure 4, where Ua (s) is the input Laplace and
Uo is the output Laplace of the pitch angle, Km is
the fixed interest m is the time constant of the
permanent magnetic motor [8].

Ua(s) | K., |lro(s)
| 1+1,S l

Figure 4. Block diagram of the operator

Speed controller is shown in Figure 5. It is used
to control the rotor speed of the wind turbine,
where AWT (s) is the input speed of rotor (error
signal) and AUc(s) is the changes in the output
pitch angle.

Speed Controller
(Pitch angle
changing)

Aw(5)

Figure 5. Block diagram of the speed controller
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Therefore, if the mentioned models which they
are correspond to the controller and operator
combined with a dynamic linearized model of
the wind turbine, a general model of wind
turbine speed controller is obtained as shown in
figure 6 [6,8].
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Figure 6. Block diagram of the speed controller
system of the wind turbine

Particle swarm optimization (PSO)
algorithm
Particle swarm optimization (PSO) is a

population in which a group of particles is
searched in a possible space to find the optimal
response for an objective function,
component moves with an adjustable velocity in
the search space and its best achieved position is
kept in its memory and the best position
achieved by the entire group is transmitted
between all members. In the PSO method
members do not upgrade to new members, but
their behavior, including position and velocity is
modified during the next iterations and a
satisfactory  solution will eventually be
discovered. Let best be the best known position
of particle and assume that the search space is an
n-dimensional space, then the component i can
be defined using two n-dimensional vectors of
position (Xi) and velocity (Vi) as following
relations:

each

Xi=[xi1,Xi2,Xi3, . . .., Xin]T (7)
Vi=[vi1,viz, Vi3, ..., Vin]T (8)
Where, i = 1,2,3, ..., N, N is the number of

members, and superscript T is the transpose
operator and in the particle swarm optimization
(PSO) algorithm. The component i stores its best
position ever achieved as the vector Pi = [Pil,
Pi2, Pi3, ...... , Pin]™ in its memory.Vector G = [g1,
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g2, 83, .. . , gn]T is the best position ever
achieved by the entire group and the position of
i-h component in iteration t + 1 is defined by
relations 9 and 10:

Vit + 1] = wV' [e] + e,n(PLe]; — X [e]) +
eym (618 — X, [£])
©)
Xle+1] = X [e] + vt +1]
(10)

In the above equations, W is inertia coefficient,
which reflects the effect of previous velocity
vector on the current iteration. x is the coefficient
of contraction which is used to limit the impact
of velocity vectors, C1 and C: are cognitive (or
local velocity) and social (or global velocity)
parameters respectively, r1 and r2 are two real
numbers, which are selected randomly and
based on a uniform distribution between zero
and one. The greater product of c1 x r1, the more
speed of i-th component, in which it moves
towards the best position. The particle speed in
which the group is achieved to its best position is
also affected by multiplying c2 x r2. The greater
inertia coefficient encouraging the group to
search within the larger space, while the smaller
inertia coefficient, increase the accuracy of group
in local search. Based on the gained experience, it
is proposed that at the beginning of the search, a
large amounts be allocated to W, so a global
search has a priority to local search. Then, in
order to achieve the best possible results, it
gradually changes the small amount such as
Zero.

Problem Statement and the Objective
Function

PID controller is used to improve the dynamic
response of system and to reduce the steady
error. The following equation is the PID
controller function:

(11)
Gels)=Kp+-+Ku S
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Kp, Ki and Kd are the proportional, integral and
derivative interests, respectively.The objective
function is stated as equation (12):

F=sum(e)*beta
(12)

The goal is to minimize the area under the curve,
C1 and C2 weight coefficients are equal to 1.2 and
0.12, respectively, and the amount of 8 and 10
have been considered for the B. Range of
parameters Kp, Ki and Kd are shown in Table 1.

Table 1. Algorithm parameters

Kp 1.07 14.09
Ki 0.26 5.54
Kd 0.08 6.68

Simulation results

Set the parameters Kp, Ki and Kd for PID
controller leads to changes in the performance of
the system closed-loop and therefore create
different responses. PID controllers used in the
industry have not appropriate setting and thus
the performance of the controller is very
improvable. Here the particle
optimization (PSO) algorithm is used to design
the PID controller and to reduce the overshoot
and steady-state error.

swarm

the PID controller

Designing
parameters

Table 2 summarizes the optimal parameters of
PID controller designed by particle swarm
optimization (PSO) algorithm for 6, 12 and 32
replications.
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Table 2. The results of the PSO algorithm

Method Tteration Kp K Kd F
PSO I=6 ,B=§ 14.09 354 0.10 7.1781 €3
P50 I=12 . B=8 1.74 37 047 413.3386
PSO =32, B=%§ 8.15 243 1.68 351793
PSO I=6 ,B=10 1.07 3.99 0.89 10.7940
PSO I=12 . B=10 8.97 1.90 0.12 6.5211
0] I=12 ,B=10 1.78 026 0.08. 27425
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Figure 7. The output speed of the wind turbine rotor after designing the controller B=8
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Figure 8. The output speed of the wind turbine rotor after designing the controller B=10

Recebido: dia/més/ano Aceito: dia/més/ano

402



403

x10
3 T
25 =
2,
It=6
T It=12
2 1t=32
o5 B
E
3
1 -
05 B
0 1 1 1 1 1 1 1 1 1
0 5 10 15 20 2% 30 3 40 45 50

x 10
3 T T
25 ~
.
It=6 ——
5 It=12
H =32 —
: 15 —
E
3
1 4
05 B
0 ! ! 1 ! ! ! 1 ! !
0 13 10 16 20 pid 30 35 40 45 50

H=)

=6 ——
It=12

1t=32

error
T
I

1(s)

Recebido: dia/més/ano Aceito: dia/més/ano



404

* 10

It=6
It=12

It=32

error
o
o
T
1

0 5 10 15 20 25 30 35 40 45 50

Figure 11. The (power) error of the wind turbine after designing the controller B=8
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Figure 12. The (power) error of the wind turbine after designing the controller B=10

Figurel3. The (rotor speed) error of the wind turbine after designing the controller B=8
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Figure 14. The (rotor speed) error of the wind turbine after designing the controller B=10
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Iteration

Figure 15. The objective function for B=8
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Figure 16. The objective function for B=10

2 CONCLUSION

The role of coefficient adjustment is significant in
two respects: First, the change in controller
parameters alters the performance of system
closed-loop, second, the parameters are weights
or coefficients that show what proportion of
these commands should be added together and
then applied to the input process. In this study,
particle swarm optimization (PSO) algorithm
was used for the design of the PID controller
parameters and results showed that in the thirty-

second repeat the desired solution have been
achieved.
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