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Stability Control of Doubly Fed Induction
Generator Using Genetic Heuristic (GH)
Controller for Wind Farm

Sabapathi D.* & AnitaR.**

Abstract: In thispaper, aGenetic Heuristic Controller (GHC) used toimprovethetransient stability of the doubly-
fed induction generator based wind farm under fault conditions. The proposed controller buildson GHC controller
to evaluate the optimized values in the nonlinear system. The stahility of the system is based on the interaction
between the controller and the power plant. Compared to existing approaches with one action network and onecritic
network, our Genetic Heuristic architecture introduced toimprove the effective, stable system. Thiswork presents
a new coordinated control strategy for DFIG (Doubly Fed Induction Generator).The coordination of rotor side
converter and grid side converter will be achieved by GA controller by this the fault is ride-through using the
crowbar-based systems. The effectiveness of the proposed approach istested and investigated a DFI G system with
high wind penetration and a static synchronous compensator. Matlab simul ation analysis and comparative studies
with traditional GHC approaches are presented to demonstrate the superior performance of our method.

Keywords: Genetic Heuristic Controller, Doubly Fed Induction Generator, Data transportability, Matlab smulation,
GA Controller, back-to-back convertersand power system stability.

1. INTRODUCTION

The environmenta impacts and diminishing reserve of fossil fuel isforcing the power system plannersacrossthe
globe to view for increased use of renewable energy. Until now, wind power isthe clean and cheapest of the
commonly used renewable sources. The henceits percentage share inthetotal power generation and stability of
power during load isconsderably isthe central issuein many countries. Subsequently, doubly fed induction generator
(DA G) wereintroduced which uses many convertersinitsrotor circuit to enable operationi both sub-synchronous
and super synchronous speed regimes extracting maximum power from thewind. To begin with, DFIG Wind
turbine for non-linear speed and analy the stahility of wind turbineswere used for wind energy generationand
power system applications.

2. PREVIOUSREASEARCH

The clean and inexhaustible nature requires Wind energy that can meet the growing energy needsof humans|[1].
Whenthegrid fault occurs, the stator flux would contain dc and negative sequence componentswhich can produce
large electromotiveforce (EMF) intherotor circuit [2-3]. When the voltagedip isdetected, therotor flux linkage
iscontrolled immediately to track and limitsthe changing stator flux linkage by the control of RSC, and inthisway,
therotor current can be reduced [4-5]. The stahility of the power system using variouscontrollerswas discussed
in[8]-{9] Grid, power integration of thisvariable power inincreasing capacity, raises concern about itsimpact in
[10]. Permanent magnet synchronous machinesare used for generating wind power thoughthisrequiresconverters
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of higher capacity which makesit acostlier option. Onthe other hand, the choice of the use of DF G-based wind
generationfor short term frequency support complete sysemdamping, voltagesupport and havedso beeninvestigated
[11-13]. A power system stabilizer (PSS) for DFIG isproposed in[8]. DFI G using thebacterial forging technique
for damping controller isintroduced in[9].

In this paper, a GHC method isproposed to control the output power of aDH G based wind farmfor ashort
time during the after fault condition with the aim of improving thetransent stability of the system. Thisisachieved
by modifying the referencefrequency for the electromagnetic torque of the DFI G Theimprovement of thetrangent
gtahility of the system helpsto restorethe balance of mechanical and dectrical power. Theproposed GHC controller
isverified for constant aswell asvariable wind speed conditionsin an efficient manner.

3. PROPOSED METHODOLOGY

Thepardld connection of wind turbinesor generatorsformwind model, GH-rotor sde converter (RSC), GH-grid
sde converter (GSC), pulsewidth modulated (PWM), IGBT voltage source converters (VSCs). TheDH G hasa
wound rotor inductiongenerator withitsstator windingsdirectly connected to the windings of bothRSC and GSC
windings using two AC/DC back-to-back converters.

Fig. 1 showstherevised four-machinetwo-area system, whichisbased on the classic model. Thetransient
stability performance of the proposed power systemhasimproved using nonlinear function of optimized GHC
controller. The Conventionad four-machine two-areasystemisdesigned by using generator 3 (G3) wind farm. In
this paper, instead of replacing G3with awind farm, the generator 4 (G4) isreplaced with aDFI G-based wind
farm. The parametersof the benchmark systemand the power flow can be showed here.

3.1. Modeling of theDFIG Wind turbine

Thegenera architectureof the proposed system circuit is shown in thefig.3. The Kinetic energy of thewind is
converted into Mechanical energy by the Turbine. Then thisenergy will be converted into eectrica energy using
Generator. Thisenergy transmitted to grid viastator (direct) androtor (back-to-back converters). RSC, actsasa
rectifier (AC/DC) and GSC servesasainverter. Fig. 2 delineatesthe structure of the DFIG wind turbinethat is
mainly composed of RSC and the GSC. The voltage controller of the rotor sde converter provides much higher
damping effect onthe oscillation modethan the grid side converter. Here, therotor side converter isused. The
voltage, speed, proposed GHC pulsewidth modulation (PWM), and pitch angle controllersare equipped withthe
DFI G The DFIG power can bewrittenintermsof the quadrature (g)-axiscurrent (igr) and the direct (d)-axis
current (idr), respectively as

I:)DFIG = Viqr
X+ X
Xu\ﬂdr V2
QDFIG = -
X+X% X

where PDH G and QDH G are active and reactive power outputs of the DFI G wind turbine, respectively, xsisa
stator self-reactance, xu isamagnetizing reactance, DFIG terminal voltageisVand V Oref isaterminal voltage
reference. The active power output can be controlled by igr in the speed controller. By considering the d-q
referenceframeand the generator convention, the stator and rotor voltages are given by thefollowing equations

Vds = _Rsids s ﬂqs + dt (@)

Vqs = _Rsiqs +s Ags + d— (%)
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Figure 1. Single-line diagram of the benchmark power system that includes a DFIG-based wind farm.
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Figure 2: Block diagram of the DFIG WT

q,0r
dt

Vdr = |:ildr _(s_r)/lqr +

. qr
Vqr = Rr'qr +(s_r )ﬂdr + d/(ljt

From (1) and (4) Theflux linkageinisdefined as

7\’dsl == Ls Ids+ I‘m Idr

hg=—Lyi +L,i

7\’drlz I‘r idr + I‘ml

qr
ds

7\’qr1: I‘r Iqr + I‘m Iqs

3

(4)

®)
(6)
()
(8)
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3.2. Model Of Grid Side controller
B. Grid Side controller Modelling

FromFig.4 showsthat, GSCisto maintainthe dclink voltage (\VVdg) and control the terminal reactive power (igg).
Thedc link voltage and reactive power are controlled independently viaidg and iqg, respectively. The equations

aregivenasfollows:

dx5
E - VDC_ref —Voc ©)
idg_r(—zf == KpngAVDC + Kidg XS
dx6 o _
a ligret ~lag =~ KpdgAVDC+ Kidg Xs =g
dt - ng_ref - Idg
_y X6 _ .
Av, =K, at + K, %= K, (—Kp 4DVt Kigg X =1 dg) + Ky X%
AV = Kpg dt + Kig X = Kpg(lqg_ref N qu) * Kig X5 (10)
Vor o K, |ar K Ve *
—>$—> >0 K +— — K, +— v,
g § N _ [ P o
v,
ge X =\
X, —
K,

Figure 3: Schematic diagram of grid side controller

Where
K, dg& K the Pl gainsof thedc link capacitor voltage regulator
K& K the Pl gainsof thegrid side converter current regulator

Vo the voltage control reference of thedc link capacitor

iqg thecontrol reference for the axis component of the GSC current

Inthiswork, it isdesignedto bereactive neutral by setting Q

oo ref : : . o
PI controller in such away to guaranteeasmooth DC voltage and ensuresinusoidal current inthegrid sde

3.3. M odelling of the optimized Genetic Heuristic (GH) control system

=0.Thegrid 9deconverter iscontrolled by a

Inthe above-described control system, no provisionsare taken for the FRT of the DFI G The proposed control
scheme managesto attenuate the systemdisturbances caused by thefault, eve ninthe casewherethewind turbine
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Figure 4: Optimized control system.

(WT) feedsarelatively weak ac grid. GHC achieving an optimal ¢ ordination betweenthetwo converters, inthis
work, the sysemgability isattempted, inorder to ride-through thefault without any additional hardware. Inaview
to encounter thedifficultiesin previous controller hasfew problemsfor particular period of time, the machineis
insengtive to the measurement noise and to the lack of accurate information concerning the machine parameters.
So that by considering the nonlinearity of the system, efficient GHC controllers designed based on computational
intelligence (Cl), All the controllersused are FCswhereas the tuning of the FC which achievesthe FRT, FCFRT is
that the derivation of itsrulesisquite complicated and it cannot come up from simple Super fuzzy reasoning.

RSC control sysemisshowninFg. 4. To successfully protect the DFI G fromtherotor over current and dc-
link voltage optimized GH-RSC areimplemented here. Theextraenergy isinduced intherotor during thetrangent
obtained fromthe convertersto thegrid. If the vaueof the dc voltagewill rise suddenly, risking exceeding itslimits
if thevaueof therotor current is sharply dropped quickly “pumping” the stored energy intherotor to thegrid. The
control of GSC isunbothered in the system. Respectively, if the value of therotor current isslowly reduced to
avoid the dc overvoltage, unacceptable values produced when the systemisat high risk. To achievetop FRT
conditionthe correction sgnasof therotor current should add to respective vaues of thedc voltage. Asdepicted
inFig. 4, output Vy of thecurrent controller iscorrected by aquarntity u_ derived by aFC, FC__.. Theinputs of

FC... Vg and i aregivenby

» Vdc—Vdc_ss
%~ vdc,, —Vdc_ss

(11)

« Ir—ir _ss

|
" i, —ir_ss (12)

Fromthe Equations(11) and (12) showsthat the deviations of thetwo quantitiesfromtheir steady state values
aredivided by their maximum acceptable deviations. It should also be mentioned that only the positive deviations
aretakeninto account to the modulation of u_.. Negative deviations are taken as zeros. Thiscontributesto a
smoother trangtion fromthe FDCSto the steady state control system.

4. RESULTSAND DISCUSSION

The proposed GH controller isdesgned with wind stability power system has been designed and simulated with
MATLAB Simulink. The€efficiency of the proposed model hasbeen evauated asfollows.
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With the proposed modification of the conventional control system, theDF G managesto ameliorateitsoveral
response during thefault and post-fault periodsand to successfully ridethrough the fault,without the use of any
auxiliary hardware.

The project concentrates on three-phase symmetrical grid faults, since theterm*fault-ride-through capability”
of national grid codesrefer to thistype of faults. Inthis system, thethree phaseto ground fault takes placefor the
timeperiodoft=3s.

Discrete,
Ts = 5e-005 s.
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Figure 7: GSC with controller
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The abovefigure hasthereal power waveform of Grid connected DFIG with Fuzzy controller, for thetime
duration of fault 3s.it statesthat with thehelp of fuzzy controller under fault conditionsthe real power doesnot gets

much violated when compared with the system, without fuzzy controller.

The below figure hasthe reactive power. Commonly the GSC actsto set Qgc = 0 and maximize active power

outpLL.

The abovefigurehastherotor speed. Inthat, according to the wind speed therewill be achangein power. Due
to thecontroller itsorigina postion attained and remain constant continuoudy until thereisno fluctuation.

Theabovefigure hastherotor current. Inthat, according to the wind speed there will be achangein current.
Dueto thecontroller itsorigina position attained and remain constant continuoudy until thereisno fluctuation.

Theabove figure hasthe grid voltage. Dueto the controller operation after the fault conditionit attainsits
original postionand remain constant.
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The THD value of vhl to vh19 istaken fromthe FFT analysis of BAR Relative base value isMATLAB
smulation

Vh2? +Vh3? +...+Vhn? |
THD = if, n=19

Vh1?

J0.062 + 0.08% + 0,062 + 0.082 + 0.032 + 0.05? + 0.062
100?
FFT analysisvaluefor output voltage (Vabc) (ie) THD =0.0048 = 0.48%

Fig 14.The GH controller based PSS canrobustly eliminate the power oscillation. These simulation results
confirm that the damping performance, robustness and control resiliency of the proposed Hierarchical GHC and
PSS under the gpplied faults, system uncertainties, and contingencies.

THD =

Thefollowing graph showsthe Efficiency comparison of different controller with proposed GHC based wind
power system.

Fundamental (50Hz) = 0.8576 , THD= 0.48%
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CONCLUSIONS

This paper proposesacoordinated control strategy to improvethe LV RT capability of grid connected DFHGWTs
using GHC controller design. Theoptimal coordinationof the DFI G convertersthrough Genetic Heurigtic controller
wasimplemented and tested on different fault conditions. The resultsshow that using the proposed GHC control
system, the DFIG can successfully ride-through the error, at low wind feeds or relatively weak AC grid. The
overcurrentsat therotor windingsandthe dc over voltagesare effectively eliminated with reactive power during
and after the fault, contributing to the support of theAC voltage.
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