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Abstract— this paper proposes the control of the rotor-side PWM
converter of a variable speed doubly fed induction generator
based wind turbine using rotor flux oriented vector control based
fuzzy logic. Two fuzzy logic controllers were used to control the
direct and the quadratic rotor currents as an alternative of the
conventional proportional and integral (PI) controller to
overcome any disturbance. The system’ model is developed in
MATLAB/SIMULINK.
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Nomenclature:

R, , R, - Stator and rotor phase resistances

L, , L, - Stator and rotor phase inductances

M :the mutual inductance

p - Number of poles pair of the machine

Cp, - The mechanical torque

f :Friction coefficient

J Moment of inertia

Q1 The mechanical speed of the turbine.

Qpec: The generator speed.

C.er: The torque applied on the shaft of turbine.
Cg4: The torque applied on the shaft of the generator.

I. INTRODUCTION

Wind energy is the fastest growing in terms of installed
capacity among all renewable energy sources [1]. The
cumulative installed wind power capacity reached 432 GW in
2015 [2]. Furthermore, the contribution of wind power in the
world total generation capacity is expected to reach 8% by
2018 [1], to achieve 12% by 2020 [3] and 20% by 2030 [4].
Currently and over the last few years. DFIG based wind
turbines have received an increasing attention and dominate
the world market due to variable-speed operation with reduced
mechanical stress [5], high controllability, smoother grid
connection, maximum power extraction and reactive power
compensation using back to back power converters of rating
near to 25-30% of the generator capacity[6], as well as the
controlling flexibility of reactive power. The basic structure of
a DFIG wind turbine is shown on Fig 1.

Many different structures and control algorithm could be used
to control the rotor side converter. One of the most common
techniques is by controlling the rotor’ currents. This paper
presents the modeling and the control of the
DFIG equipped with back-to-back converters. A Fuzzy
inference system is applied as an alternative of the conventional
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proportional and integral controller (Pl1). The fuzzy logic
control has the advantage to be robust and relatively simple to
design, since it does not require the knowledge of the exact
model [7]. The performance of the fuzzy logic controller is
compared with that of the PI controller, and it is shown that the
dynamic performance of fuzzy logic controller is better in
comparison with the PI controller.
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Fig.1: Wind Energy Conversion System with DFIG

Il. WIND TURBINE MODELING

The mechanical power extracted from the wind can be
expressed as follow:
P, = 0.5p TR*v3*C, (A, B) (1)

Where p is the air density (kg/ m*), R is the blade radius (m), v
is the wind speed, C,, is the turbine power coefficient, and X is

the tip speed ratio, which is  defined by:
A= QturR 2
=— ©)
Cp is given by:
[ S
GOB =a(5-cb-a)eith @)
With. 11 0.035 \
e A A+0088 B°+1 )
The aerodynamic torque is given by:
1 1
I 3
Coer = 2.,o.S. Cp.v o (5)
The Gearbox model:
C
Cn =~ (6)
Qmec = Qpur- G @)

The dynamic equation of the wind turbine is given by:
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] dQ
(Gt m) G+ f- O = C = Cem ®)
Where 2£ + Jm 1S the system total inertia, Cy is the torque

GZ
developed by the turbine. Cem is the torque due to load, which
in this case is the electromagnetic torque of the generator.

I11. SPEED CONTROL : TIP SPEED RATIO BASED MPPT METHOD:

The objective of this control method is to keep A at its optimum
value Aqpt. At this value, the power coefficient is equal to its
maximum value.

The pitch angle (B) is set to zero due to the assumption of fixed
pitch wind turbine[8].

So according to equation (2):
Av
Qtur = 7 (9)
Therefore, if the wind speed changes, the referential speed is
given by:
AoptV

(10)

Qtur_ref =

The block diagram of this control method is shown in the
following figure [9]:
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Fig.2: Diagram block of the TSR based MPPT

IV. MODELLING OF THE DFIG

The general model for the doubly fed induction generator is
resumed as follows:

Vas = Rslgs + %\Pds - ws\yqs
Vs = Rl gs + 5 Wos + w3 Wys

4 (11)
Vdr = RTIdT + E\Pdr - wr\yqr
Vor = Relgr + 5 Wor + 0, ¥,
The flux linkage equations:
Was = Lslgs + Mg,
Wos = Lglgs + Ml (12)

Yyr = Lplgr + My,
‘I”q., = L,qu + Mlqs

The electromagnetic torque generated by the DFIG is given by:
pM

Com = I (\ydslqr - \quldr) (13)
N
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V. VECTOR CONTROL STRATEGY:

The rotor flux is set aligned with the d axis. So we can write:

\qu=0 (14)
The electromagnetic torque:
Cem = _p\Pdrlqr (15)
We define the intermediate rotor voltages as [10]:
M
Vldr = Vdr - L_Vds (16)
S
M
Vigr = Vgr — L_SVqs (17)
So we get :
dlgr MRg M
Viar = Relgr + Lo —2F — T las — 0 Pgr + “ocWes (18)
dlgr  MRg M
Vigr = Relgr + Lyo—1 — s + 0 ¥ar = 0s¥as (19)
With: g=1-2L (20)
LgLy
Equations (18) and (19) could be written as:
Viar = Var1 + Varna (21)
qur = Vqu + Vqul (22)
With:
dIdr
Vdrl = erdr + Lro- dt (23)
dlgy
Vori =Ryl + Lo (24)

dt
Var11 @and Vg4, are the coupling terms. They are eliminated
using the classical compensation, which consists of regulating
the rotor currents by neglecting these terms, then adding them
to the output of the current correctors to obtain the referential
rotor voltages. The structure of the current controller is shown
below in fig 5. The components of the rotor current (lar, lgr)
have the same control loop.
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Fig 3: rotor current regulator

In the classical vector control, the rotor currents are controlled
using Proportional-Integral correctors.
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Fig 4: the scheme of the rotor current corrector


Admin
Typewritten Text
Copyright IPCO-2017
ISSN 2356-5608


The opened-loop transfer function is given by:

G()—(K +Ki) ! 25
=Ty R, +oL,s (25
Using the poles compensation method:
K; R,
— = 26
K, oL, (26)
Kp
oL,
We get: G(s) = S 27)
The closed-loop transfer function is given by:
Kp
H(s) = —2Lr (28)
P
s+ oL,

The closed-loop transfer function could be written as a first
order transfer function:

H(s) = 29
) 1+s7, (29
With:
oL,
Tc = (30)
kP
T.: The response time.
Finally, we get:
oL, R,
K, = . and K; = T_c (31D

VI.Fuzzy LOGIC ROTOR CURRENTS CONTROLLER

The dynamic mathematical model of DFIG is a nonlinear,
complex and multivariable time-varying system. Fuzzy logic
control has the capability to control nonlinear, uncertain and
adaptive systems, which gives a strong robust performance for
parameters variation [11]. So in order to design a fuzzy
controller, the following steps must be performed:

e  Fuzzification: The process of decomposing a system
input and/or output into one or more fuzzy sets using
fuzzy linguistic variables and membership functions.

e  Fuzzy rules: It consists of the development of suitable
rules set.

o Defuzzification: It consists of the conversion of a
fuzzy quantity to a precise quantity.

For the proposed control, the rotor current's error e(t) and the
change of the error de(t) are used as inputs. The rotor voltage is
used as output. The controller observes the pattern of the error
signal and its derivative of the direct and quadratic rotor
currents components control loops and correspondingly
updates the output U so that the rotor current matches its
reference. These two signals are normalized through their
respective scaling factors K¢ and Kge. The output control signal
U is derived by multiplying the du/dt by the output scale factor
Kau, and then integrated to generate the command signal.
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The simplified block diagram of the fuzzy logic controller is
presented on fig 7.
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Fig 5: the proposed fuzzy current controller

A. Membership functions:

A simple Gaussian curve membership function is used for
inputs (see fig 6) and a triangular membership function is
used for the output (see fig 7).
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Fig 7: The membership functions for the output

B. The fuzzy rules:

TABLE I:
RULE BASES OF THE FUZZY CONTROLLER
e(t)
P EZ N
p PB N NB
de(t) EZ PB EZ NB
N PB P NB

C. Defuzzification

To obtain the output of the FLC, the defuzzication used is based
on the center of gravity method.
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VII. SIMULATIONS AND RESULTS ANALYSIS

The simulation of WECS based on DFIG has been performed
for two wind speed profiles. The detail parameters used for the
simulation: ¢1=0.5176; ¢2=116; ¢3=0.4; c4=5; c5=21;
¢6=0.0068; Aop=8.1; Cpmax=0.5; Vdc= 500 V; Rs=1.75 Q;
Rr=1.68 Q; Ls=0.295 H; Lr=0.104 H; M=0.165 H; J=0.01
Kg.m2; f=0.0027 Nm.s.rad™?; p=2.
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Fig 8: the wind speed profile
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Fig 10: The electromagnetic torque

Fig 11: the wind speed profile
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Fig 12: the mechanical speed
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Fig 13: the electromagnetic torque.

According to fig 9, the fuzzy controller presents a faster
response time then the Pl controller. While for the
electromagnetic torque shown in fig 10, it is clearly seen that
the PI controller exhibits a relatively long transient period and
presents a significant overshoot.

For the second wind speed profile, for the mechanical speed
shown in fig 12: the response time of the PI controller is better
than the fuzzy one, but in the same time, a significant overshoot
is seen. In addition, for the electromagnetic torque (fig 13): the
fuzzy controller presents a faster response time and a faster
transient response in comparison with the PI controller.

The results obtained show that the rotor flux oriented vector
control gives good performances for both the conventional Pl
controller and the fuzzy logic controller. The mechanical speed
and the torque track perfectly their references for both wind
speed profiles. Moreover, the fuzzy controller has better
performances than the PI controller. Which shows the perfect
adaptation of the fuzzy logic control to the rotor flux oriented
vector control.

VIII. CONCLUSIONS

The rotor flux oriented vector control applied to a variable
speed DFIG based wind turbine was presented in this paper. A
comparative study was made between the PI controller and the
fuzzy controller. The fuzzy logic control has the advantage to
be robust and relatively simple to design since it does not
require the knowledge of the exact model. Moreover, it presents
a better performance in tracking the references compared to the
conventional PI.
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