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ABSTRACT

In this paper, a fuzzy logic controller is designed for static synchronous compensator (STATCOM) to enhance
interconnected power system stability. The power frequency model for STATCOM with conventional Pl
(Proportional Integral) controller is presented first. Fuzzy logic controller in then designed for main controller of
the STATCOM. The main controller is used for regulating the AC bus voltage. The Satic Synchronous
Compensator (STATCOM) is performing a significant role in reactive power compensation and transient stability
enhancement in modern power systems. This paper investigates the application of a rule based fuzzy logic control
technique for controlling a STATCOM at steady and transient condition. This study demonstrates that fuzzy logic
based STATCOM considerably improves the transient stability of power system during occurrence of fault. The
control strategy is evaluated by simulation programs and the comparison indicates the fuzzy logic based
STATCOM gives improved performance compared with PI STATCOM controller based technique.
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INTRODUCTION

In recent years, various types of FACTS devicesROPSTATCOM, TCSC, SVC, etc.) have been studied for
their use in the existing power systems with a viewnprove the flexibility, controllability and tenhance system
stability. Reactive power compensation is an imgurissue in electrical power systems and STATCOdygan
important role in controlling the reactive poweovl to the power network and hence the system weltag
fluctuations and angle stability. One of the maospdortant advantages of the STATCOM is its behasdiming the
voltage collapse at the bus where it is locateid sigpplies almost a constant reactive power withmming affected

by voltage variation across it [1]. Normally the SIICOM comprises a voltage source shunt converteneoted
through a transformer and filter across a loadvusre the voltage is to be regulated [1]. The adrdf active and
reactive components of STATCOM current is normadighieved through a PI controller. However, these
controllers suffer from inadequacies of providingodust control and transient stability enhancenoaetr a wide
range of power system operating conditions [2].

In recent years fuzzy logic control is beginning¢geive more attention. The advantages of appliuzgy logic
control in power systems are apparent. Modern posyestems are large, complex, geographically widely
distributed and highly nonlinear systems. Moreoyswer system operation conditions and topologrestiane
varying and the disturbances are unforeseeableseThrecertainties make it very difficult to effeey deal with
power system stability problems through conventiooantroller that is based on linearized system ehod
Therefore the fuzzy logic control approach, as amea of artificial intelligence, has been emergmgecent years
as a complement to the conventional approach. Uiheyflogic controller is an intelligent controlland this is its
most added advantage of. The human knowledge caoupded with easily through control rules. Alse tluzzy
logic controller is a nonlinear controller and istrsensitive to system topology, parameters andatipe
condition changes. These features make it vergdtte for power systems applications [2].

In this paper, the fuzzy controller is designed 8FATCOM to improve the transient stability of A®@wer
system.
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STATCOM

One of the many devices under the FACTS family,TABCOM is a regulating device which can be used to
regulate the flow of reactive power in the systewhependent of other system parameters. STATCOMabdsng
term energy support on the dc side and it cannohaxge real power with the ac system. In the trésson
systems, STATCOMSs primarily handle only fundamemngalctive power exchange and provide voltage sugpor
buses by modulating bus voltages during dynamitudiances in order to provide better transient atteristics,
improve the transient stability margins and to dampthe system oscillations due to these disturesn3]

A STATCOM consists of a three phase inverter (galhea PWM inverter) using SCRs, MOSFETSs or IGB&s,
D.C capacitor which provides the D.C voltage far thverter, a link reactor which links the invertartput to the

a.c supply side, filter components to filter ou¢ thigh frequency components due to the PWM inveRrsym the

d.c. side capacitor, a three phase voltage is geteby the inverter. This is synchronized with ahesupply. The
link inductor links this voltage to the a.c supplge. This is the basic principle of operation @3 COM. [4]

AC Busbar
Coupling Lnput Voltage Source
Transformer Filter Converter
‘ _g L 4—‘ I Va

Fig. 1 Block diagram of STATCOM as shunt compensation

For two AC sources which have the same frequendyaa connected through a series inductance, ttieeac
power flows from the leading source to the laggsogirce and the reactive power flows from the highlwtage
magnitude source to the lower voltage magnitudercgouThe phase angle difference between the sources
determines the active power flow and the voltagegmitade difference between the sources determihes t
reactive power flow. Thus, a STATCOM can be usedrdqulate the reactive power flow by changing the
magnitude of the VSC voltage with respect to solmee voltage.

Using control strategy suggested in the chargingadyics of VSI (voltage source inverter) capacitan de
derived based on energy conservation, i.e. thetirgal power Pac from ac system to STATCOM showdqual
to the real power Pd absorbed by the capacitorSif 8o we have (in Sl units)

VNV, . dv

Pe=—2-0sing =Py =Vl =V —°
X, dt a

Where the subscripp means a phase variable of rms value. Vd and Idttereaverage capacitor voltage and
charging current, respectively, with harmonics petgd. Angley is the leading phase angle of STATCOM
terminal bus voltage V with respect to its terminaltage Vs behind Xs [5-10].

Pl STATCOM CONTROLLER

The reference reactive power {Qis compared with the measured reactive power Q. reactive power error is
sent as the input to the PI controller and the wtuti the PI controller determines the phase aaofjthe STATCOM
fundamental voltage with respect to the sourceagelt

Soutce voltage

unit vector Hysterisis current
Yoart mitae controller / Fuzzy logic
controller
Udu S,
I - = S
= —3-5
Sc

Pl Limiter
vdcmf controller
Fig. 2 PI STATCOM Controller

The control diagram of grid-interfacing inverter fo 3-phase 4-wire system is shown in Fig-2 . Theth leg of
inverter is used to compensate the neutral cugéitad. The main aim of proposed approach is tulee the
power.
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Design a Fuzzy Logic Controller Based STATCOM of |EEE-9 Bus System

The Static Synchronous Compensator (STATCOM) is afrie key FACTS devices. Based on a voltage-salirc
converter, the STATCOM regulates system voltagealsorbing or generating reactive power. STATCOMoott
current (inductive or capacitive) can be controlledependent of the AC system voltage.

In our case study the power grid consists of tB@@&kV equivalent generators of 3000 MVA, 2500 M¥Ad 2000
MVA respectively connected by a 600-km transmisgioa. The STATCOM controller is located at the prdht of
the line (bus B2) and has a rating of + 100MVAthe block diagram G1, G2 and G3 denote the threergéors.
B1, B2, B3,..., B9 indicates the bus bars. T.L shélestransmission line. A, B and C are the threeldoan bus
bars B1, B2 and B3 respectively. This is shownlatk diagram representation in fig-3.
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Fig. 31EEE-9 Bus system with STATCOM controller

STATCOM CONTROLLERS

Fig. 4 shows the structure of the STATCOM contmollEhe STATCOM control system has two componentS: A
voltage regulator and DC voltage regulator. The STOM control system uses AC voltage regulator foz t
generator terminal. AC voltage regulator contrdie woltage of the generator terminal and it is l&gd by
modulating the magnitude of the shunt convertetaga. The AC voltage regulator is connected withresu
selection and current limiter, and DC voltage ratud is connected with the current regulator.

AC
VOLTAGE Current Currant
#{ FEGULATOE - i > i
Salaction Limiter
ETATCOM
CONTEROL
DG VOLTAGE Current
»| RECULATOR | Regulztor

Fig. 4 STATCOM Controller

Design of AC Voltage Regulator with Pl Controller

The structure of AC voltage regulator is shown ig.F. The magnitude of voltage is added to thallfeek
obtained as output of the rate limiter, and thereis corrected. The sum is fed tq Kroportional gain) and K
(integral gain). The proportional gain and the gné gain through integrator are then added. Time shtained is
given to saturation which gives the current refeesfp and is also fed back through droop and filtearasther input
before the proportional gain and integral gain.un@nd constant are given to relational operatdrthe output is
stored in memory. The inputs and memory pass tliroluig switch to rate limiter and then to voltagerence .

Design of AC Voltage Regulator STATCOM with Fuzzy Logic Controller

Structure of control system for AC-voltage regutes@ ATCOM with fuzzy logic controller is shown irig=6. The

fuzzy main controller is similar to a nonlineard@introller. Nine fuzzy sets or linguistic variabke® defined for E,
AE1 & AE2, and nine for output signal. Fuzzy logic coréois a better option than conventional Pl comgrol
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because it provides higher level of automation hgoiporating expert knowledge and it alsdbust nonlinear
control In the Fig. 5, we have used a fuzzy logic colgroinstead of conventional Pl controller. There three
inputs of FLC and one output. This input and oufgains of FLC are tuned by trial method in suchay 1o satisfy
the minimum error, and best output response isttinyechanging the gain and other parameters. Tranpers are
changed in such a way that error signal is minichiZeo get the desired result, we must apply a lpalged system.
The rule base for FLC is designed by the experiefistudying the performance of STATCOM.
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Fig. 6 AC Voltage Regulator with Fuzzy Logic Controller
The rule base table for the proposed Fuzzy Logiat@der design is shown in Table-1. Here the fuzayiables are

having their usual meanings like NB-Negative BidviiNlegative Medium, NS-Negative Small, Z-Zero ErrBS-
Positive Small, PM-Positive Medium and PB-Positdig.

Table-1 Fuzzy Rule Base for this M odel

f ¢AE1/AE2 >

NB [NM[ NS z | PS| PM[ PB
NB NB NB | NB| NB|[NM|NM| NS| Z
NM NM NB | NB |[NM [NM [ NS | Z | PS
NS NS NB | NM| NS| NS| z | Ps[ PM
Z z NB |[NM| NS| z | PS| PM| PB
PS PS NM | NS z| PS| PSS PW _PB
PM PM NS | z| PS| PM_ PM_ PH PE
PB PB Z | ps| pM[ _PB| PB PB_PB
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4. Result & Discussion

The whole model is simulated in MATLAB/Simulink @nanment. Four results have been studied for coispar
purpose. The graph in Fig. 7 shows the active pdarePl| controller and for fuzzy logic controlleaged control
systems as a function of time. The FLC responserhes stable immediately during the occurrence wf fahereas
the PI controller took about 0.6 second to stabilithe Pl controller is taking more time to comekoto original
stability position whereas Fuzzy logic controll¢atslizes immediately. There are no transient &sains in FLC
compared to high magnitude oscillations in Pl resgo and the comparison indicates that the fuzgic Ibased
STATCOM gives improved performance compared toRh8 TATCOM controller based technique.

The graph in Fig. 8 shows the reactive power focdtitroller and for fuzzy logic controller basechttol systems
as a function of time. The FLC response becomdsdestammediately during the occurrence of fault vdss the Pl
controller took about 0.6 second to stabilize. Pheontroller is taking more time to come back tminal stability
position whereas Fuzzy logic controller stabilim@snediately. There are no transient oscillation§ i€ compared
to high magnitude oscillations in Pl response, tiedcomparison indicates that the fuzzy logic beS8€ATCOM
gives improved performance compared to the Pl ST@WIGontroller based technique.
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Fig. 7 Active Power for Pl Controller and Fuzzy L ogic Controller
Based Control Systems
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Fig. 8 Reactive Power for Pl Controller and Fuzzy Logic
Controller Based Control System
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Fig. 9 Voltagefor PI Controller and Fuzzy Logic Controller Based Control System
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The graph as shown in fig.9 is the voltage for &ttooller and for fuzzy logic controller based SIT@OM. The
voltage is 0.999 pu for Pl controller whereas itligpu for fuzzy logic based control system. The RleSponse
becomes stable immediately during the occurrencéawit whereas the Pl controller took about 0.6osecto
stabilize. The PI controller is taking more timedome back to original stability position whereasz#y logic
controller stabilizes immediately. There are nmgiant oscillations in FLC compared to high magihétwscillations
in Pl response, and the comparison indicates Heafuzzy logic based STATCOM gives improved perfance
compared to the PI STATCOM controller based tealiq

The graph as shown in fig.10 is the current foc@®troller and for fuzzy logic controller based ST@OM The
current is 0.03 for PI controller whereas it is®f0r fuzzy logic based control system. The FLQomese becomes
stable immediately during the occurrence of fauieveas the Pl controller took about 0.6 secondatoilze. The
PI1 controller is taking more time to come back tgimal stability position whereas Fuzzy logic cantier stabilizes
immediately. There are no transient oscillationElk€ compared to high magnitude oscillations iré3ponse, and
the comparison indicates that the fuzzy logic baS@&ATCOM gives improved performance compared toRhe
STATCOM controller based technique.
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Fig. 10 Current for PI Controller and Fuzzy L ogic Controller Based Control System

CONCLUSION

This paper gives an application of fuzzy logic cotér for the design of STATCOM for an IEEE 9 ksystem. The
results clearly shows that in all the cases theimproved performance by the FLC based STATCOMpared to

Pl controller based STATCOM. This is possible deeits capacity to deal with power system uncertain
environment more efficiently.

REFERENCES

[1] NG Hingorani and L GyugyiUnderstanding FACTS, Concepts and Technology of Flexible AC Transmission
Systems, IEEE, NewYork, 1999.

[2] LO Mak,Ni, YX, Shen, CM STATCOM with Fuzzy Contrells for Interconnected Power Systerkectric
Power Systems Research, Elsevier Science, 2000, 55, 87-95.

[3]1 S Kumar, Nallagalva, MK Kirar and Ganga Agnihoffiansient Stability Analysis of the IEEE 9-Bus Hiéx
Power Systemnternational Journal of Scientific Engineering and Technology, 2012, 1 (3).

[4] Stella Morris P.K.Dash, Kartik Basu A Fuzzy Variable Structuren@oller for STATCOM, Electric Power
Systems Research, Elsevier Science, 2003, 65, 23-34.

[5] CL Wadhwa Electrical Power Systems, New Age International Publishers, New De20D9.

[6] Hadi SaadatPower System Analysis, WCB McGraw Hill, New York, 1999.

[7] P Kundur, Power System Stability and Control, Mo&Hill, New York, New York1993.

[8] PM Anderson and A A Fouad, Power System ControlStadbility, lowa State University Press, [0877.

[91 MATLAB Inc., MATLAB: Fuzzy Logic Toolbox, The Mathwarks Inc.,1997.

[10] http://www.wikipedia.com/Fuzzy Logic_Controlle2015.

67



