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Abstract: The present days wind energy is act as highest role in power industries and also different types of wind
technologies are used in power industries depend on the application. Mostly wind based energy generating industries
are using double fed induction generator (DFIG) because it is cable to work wide range of speed and frequency. DFIG
is a wound rotor induction generator and it improves the electrical energy with rotor and stator plus circuits. Stator
sends power directly to grid in unidirectional way. Rotor circuit is connecting to bidirectional converter (AC/DC/AC).
The bidirectional converter means power flow in rotor to grid (or) grid to rotor. The main advantage of grid voltage
converter is used to maintain constant DC link voltage. In this paper DFIG is controlled by using Pl and FUZZY
controllers. Finally DFIG is controlled effectively by using FUZZY controller compared to the PI controller with total
harmonic distortion analysis (THD). These technologies are design by using software MATLAB/SIMULINK version
2012b.
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I. INTRODUCTION

Most Of The popular Countries In The World Are generate electrical energy using Renewable Energy Sources, In
mostly Wind Energy. Due to its very good characteristics, DFIG is becoming popular wind turbine system,
especially for offshore wind farms, [1]-[2].

Doubly Fed Induction Generator (DFIG) is basically a wound rotor induction generator with back-to-back converters
between the AC grid and the rotor windings Stator feeds power directly to grid which is unidirectional. Rotor circuit is
connected to a bidirectional ac/dc/ac converter having a common dc link bus. Together these three components namely
the RSC, the DC-link and the GSC form back-to-back converters. The DC-link thus provides the decoupling between
the two AC sides, which are at different frequencies. The GSC controls the DC-link voltage.

A vector control scheme for the grid side converter (GSC) gives an independent control of slip active and reactive
power exchanged between the grid and the GSC, in order to ensure sinusoidal supply currents and to maintain DC-link
voltage constant.

In this paper, fuzzy logic controller is applied to control the DFIG, a Mamdani type fuzzy logic controller (FLC) is
applied to replace the conventional Pl controller in the vector control scheme. To show the advantage of this method, a
comparative study is conducted between the FLC and the traditional PI controller.

Il. MODELING OF DFIG
The DFIG model adopted in this research paper is the dqO stationary rotating frame. It is because the model simulation
of Doubly Fed Induction Machine (DFIM) is quite suitable with this frame of reference during transients. The transient
solution of the DFIM model is possible because of the transformation from abs to dg0 by which the differential
equations with time-varying inductances is converted into differential equations with constant inductances, [3]-[4].

The stator circuit equations are given below.

. dygs

V;s = Rslsqs + d? (1)
d S

V;S = Rsisds + s (2)

dt

Where \VZS and 5, are g-axis and d-axis stator flux linkages, respectively.
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Figure 1 Block Diagram of DFIG

Converting Eq. (1) and Eg. (2) to d-q frame the following equations can be written as:

Vg = Ry Yo 3

gs = Rslgs +T+(De\vds ( )
. dy

Vds = Rslds + d'(cjs - (De\lqu (4)

Owing to the rotor circuit, if the rotor is blocked or not moving, i.e. ®, = 0, the machine equations can be written in
similar way as stator equations:

o vy

Vqr = erqr + T + (De\ydr (5)
., dy

Var = Rpigr + d_sr - (Dewqr (6)

All the parameters are referred to the primary circuit, which is a stator in this case. Let the rotor rotates at an angular
speedo,, then the d-q axes fixed on the rotor fictitiously will move at a relative speed ©, — o, to the synchronously
rotating frame, [5].

The d-q frame rotor equations can be written by replacing o, — o, in place o, of as follows:

dy
Ve = Ryige + % — (@c—0nyy,, @)
The flux linkage expressions in terms of current can be written from Fig.3.8 and Fig.3.9 as follows:
Vos = Lisigs + Liy (iqs + iqr) = Lsigs + Linlqr &)
Vg = Lisigs + L (igs +iar) = Lglgs + Liniar (10
Vor = Lipigr + Ly (iqs + iqr) = Lilgr + Linlgs an
Vo = Lirlar + Ly (s +1ar) = Lelgr + Linlas (12)
VYam = Lin (iqs + iqr) (13)
Wy = Ly Cigs + iar) (14)
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Eqg. (1) to Eq. (14) describes the complete electrical modeling of DFIG. Whereas the Eq. (15) expresses the relations of
mechanical parameters which are essential part of the modeling. The electrical speed w, cannot be treated as constant in
the above equations. It can be connected to the torque as
do 2 do,

dt J

Te=TL+]—m+me=TL+P m

2
+5Bo,  (15)

11l. GRID SIDE CONVERTER CONTROL

The main aim of the GSC is to maintain the constant DC-link voltage across the common coupling between the back to
back converters. To achieve this vector control scheme is used which gives the independent control of active and
reactive power flowing between grid and grid side converter. The regulation of the PWM converter is based on the
current flowing through it. The direct axis current is used to regulate the DC-link voltage and to regulate the reactive
power quadrature axis current is used.

The basic of the vector control is d-q theory or reference frame theory which is used to overcome the problem of time
varying parameters with the AC machines, [6].

Essentially by transforming the stator variables to a synchronously rotating reference frame fixed in the rotor. With
such transformation (Park‘s transformation) all the time varying inductances that occur due to an electric circuit in
relative motion and electric circuit with varying magnetic reluctances can be eliminated.

Transformation of three phase stationary to two phase stationary axis is given by

Vas cos® cos(0 —120) cos(6+ 120)][V,
Vi | = |sin® sin(0 — 120) sin(0 + 120) | [Vp | (16)
Vs, 0.5 0.5 0.5 Ve
Transformation of two phase stationary axis to two phase synchronously rotating axis is given by
Vgs = Vgs cosf, — Vi, sind, a7
Vis = Vgs sind, + Vg, cost, (18)
The GSC voltages in its d-q components are obtained by the typical configuration of control strategy is given by
di
D q .
Vy =Rig + LE + o Lig +vqq (19)
. diy .
Vqy =Rig + LE — 0 Lig +v4q (20)
Applying the Laplace transforms to the above two equations
V, = (R +5sL)iy + w,Liy + vy 21
Vd = (R + SL)id - Cl)eLiq + Va1 (22)
Considering
V, = (R +5sL)i, (23)
V, = (R +sL)iy (24)

The angular position of the supply voltage is calculated as
0, = [w,dt = tan‘lz—ﬁ (25)

Where v,and vsare the, B (stationary 2-axis) stator voltage components.

The control scheme thus utilizes current control loops for i;and i,, with the i;demand being derived from the DC-link
voltage error through a standard P1 controller. The i,demand determines the displacement factor on the supply side of

the inductor. The plant for the current control loops is given by:

i iy 1
F(§) =—1=—"= 26
) v, vy, R+sL (26)
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Substituting (23),(24) in (21),(22) respectively, and being V, (s) = 0 the reference for the voltages values V, ..., and
V4 ref Can be obtained by:

Vo rer = —v‘% — w,Lig + v,
Vd_ref = —Vy + weLiq + Vq

The value of V, .., and V, .., are considered to be the reference input values to the PWM converter by which level of
DC voltage and required power factor is achieved.
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Figure 2 Grid side converter control strategy

IV. PI CONTROLLER BASED DFIG

Proportional Integral controller based technique is the traditional method used to regulate the DC —link voltage. These
control techniques are used to achieve better dynamic control of DFIG. This control technique having the advantages of
[6]

1. Constant DC-link voltage in case of a wind park or wind turbine.

2. When wind speed is very high restricted generation of active power is allowed.

3. Maintenance cost is minimized and also exploration in case of wind park or wind turbine.

V. DESIGN OF FUZZY CONTROLLER

Proportional integral control technique is commonly using traditional control technique but the performance of the Pl
controller is mainly based on a suitable choice of the PI gains. Tuning of PI gains becomes the most difficult task. To
overcome this problem a robust controller is needed. Fuzzy is one of these control technique which is robust about to
many non linear procedures, [7].

Fuzzy controller uses a systematic method to control a nonlinear procedure based on human experience. This is defined
as heuristic method this can enhance the operation of closed loop system. The operation of the fuzzy controller is based
on its capability to simulate several role implications at the same time procedure, and it results the significantly
comprehensive output.
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A well designed fuzzy controller can provide enhanced operation in presence of variations in parameters, external
perturbations, and load existence than conventional PI controllers. The design of fuzzy controller mainly consists of
four building blocks: fuzzification block, fuzzy knowledge based block, fuzzy inference engine and defuzzification
block. The conversion of the classical set to the fuzzy set is called the fuzzification. Triangular fuzzifier is used among
different fuzzifiers such as triangular, trapezoidal, singleton and Gaussian. By assigning some membership function to
each and every input with the help of the fuzzifier is convert input into fuzzy set, [8]-[9].

A graph between input and membership value which varies from 0 to 1 is called the membership function. it provides
impreciseness to the fuzzy logic. Triangular membership function is used among the different membership functions
such as trapezoidal, Gaussian, sigmoid, piecewise linear.

Fuzzy inference engine consists of knowledge base, in which the rules are framed. it can be broadly categorized into
two types

1. Mamdani method

2. sugeno method

Sugeno method is generally based on mathematical analysis and calculations. But in mamdani method linguistic logic
used to make the rules which is very simple compared to the sugeno method. Mamdani method is computationally
efficient when compared to the sugeno method

Table 1.The Fuzzy rule base

e NL | NM | NS EZ| PS|PM | PL
Ae

NL NL NL | NL| NL|NM| NS | NL
NM NL NL| NL| NM| NS | EZ | NM
NS NL NL | NM NS| EZ| PS| NS
EZ NL | NM | NS EZ| PS|PM| EZ
PS| NM NS | EZ PS| PM| PL| PS
PM NS EZ| PS| PM| PL| PL | PM
PL EZ PS | PM PL| PL| PL| PL

The fuzzy sets have been determined as: NL, negative large, NM, negative medium, NS, negative small and ZE, zero,
PS, Positive small, PM, positive medium, PL, positive large, respectively
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Figure 3 Triangular membership functions fof inpuf, change in-errorrand output 'fuzzy sets of the fuzzy controller.
VI. SIMULATION DIAGRAMS

A wind power generation system based on doubly fed induction generator (DFIG) connected to grid system with Pl and
Fuzzy control system is simulated using MATLAB\SIMULINK software. The frequency is set to 50Hz. The DC link
voltage is regulated at 1200V. Figure 4 shows the simulation of DFIG in which stator is connected to the grid and rotor
connected to the grid by the back to back PWM converters.

VIl.  SIMULATION RESULTS
The GSC control strategy using Pl and Fuzzy logic is implemented for DFIG using MAT Lab/Simulink and results are
presented in this section. The performance of the Pl and Fuzzy logic controllers is analyzed by using FFT analysis. The

main objective of the GSC is to main DC-Link voltage constant. The reference voltage to the DC-Link is taken as
1200V. The DC-link voltage using PI and Fuzzy logic controller are shown in figures.
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Figure 4 Simulation of diagram of DFIG system.
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Figure 5 DC-Link voltages acrogé capacitor using Pl controller

Figure 5 shows the DC-Link voltage using Pl controller. In the waveform voltage matches to the reference voltage that
is 1200V. Settling time is less than 0.1 sec. But analysing the waveform it contains more ripple content which
disturbances the performance. From figure 6 DC-Link voltage using fuzzy controller is analysed. Fuzzy logic
controllers enhance the performance and profile of the DC-Link voltage and also ripple content is reduced.
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Figure 6- DC-Link voltagréﬂusing Fuzzy controller

Performance of grid currents using PI controller is shown in figure7 which gives the sluggish response and also having
the THD value of 38.52% shown in figure 8 by the FFT analysis these grid currents cause the system to be unstable. So
there is a need of improved performance which is achieved by the fuzzy logic controller. By using fuzzy logic
controller 3 phase grid currents waveform is improved as shown in figure 9 and also ripple content of the waveform is
decreased drastically. The THD value decreased to 2.36% as shown in figure 10.
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Figure 8 FFT Analysis of Grid currents using PI controller

3 Phase Gig Cuers Ui Fuzzy comod

. | |
145 L

Figure 9- 3Phase Grid currentgﬂusing Fuzzy logic controller

| Fundamental (50Hz) = 5.255 , THD= 2.36%
T

Mag (% of Fundamental)
L S D M-
1

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Figure 10 FFT Analysis of Grid currents using Fuzzy controller
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VIIl. CONCLUSION

This paper Pl and FUZZY applied to grid side control of DFIG effectively. The simulation results of FUZZY controller
in grid side control DFIG give a better result compared to Pl controller with total harmonic distortion analysis. So
finally FUZZY controller was highly efficient control technique in grid side control DFIG. This reason we justify
FUZZY controller have very high robustness compared to PI controller.
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