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ABSTRACT

The massive growth of interconnected power systems due to increasing demand of electrical energy has given rise
to numerous challenges. In these situations, Flexible Alternating Current Transmission System (FACTS)
controllers This paper discusses the transient stability enhancement by use of SSSC FACTS controller when
applied in Transient Stability Enhancement (TSE) in a dynamic |EEE 14 bus system with fault applied at bus 04. It
is achieved by observing the behaviour of damping power oscillations. Time domain responses for rotor angle and
generator electromotive force responses were analysed.
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INTRODUCTION

An electrical power system is a complex intercomeg@anetwork comprising of numerous generators strassion
lines, variety of loads and transformers. The tétexible Alternating Current Transmission Systemr\QH'S)
devices or controllers describe a wide range oftrotlars, many of which incorporate large powercélenic
converters that can increase the flexibility of povgystems making them more controllable and st&A€TS
devices stabilize transmission systems with ina@dasansfer capability and reduced risk of ling<gr{1].The
major problem in power system is upholding steatbeptable system parameters like transients aridg@lunder
normal operating and anomalous conditions, whialsigally referred as voltage regulation problem wghining
synchronism after a major fault. This results isteyn overloading. Overloading may also due to sauleavy
loading, long transmission lines with uncontrollbdses at the receiving end, radial transmissioas|irand
shortage of local reactive power, intrinsic factoasmid small generation reserve margins. This |dadshe
introduction of FACTS such as Static Var Compensg8V/C), SSSC, STATCOM, UPFC and IPFC [2-3] for
system support. In stable power system, the symcu® machines when disturbed, synchronism willegitho
back to their original state if there is no netrda of power or will reach a new state without loEsynchronism
[4]. Due to FACTS devices, the power can be flolwotigh the chosen routes with consideration omarease in
transmission line capability and improvement fae gecurity, reliability and economy of the powestsyn. UPFC
and IPFC, for instance, are very versatile FACTStidlers [5].

FACTS DEVICES

The development of FACTS devices started with tleaving capabilities of power electronic componeiftsvices

for high power levels have been made availablenverters for different voltage levels. The ovestdirting points

are network elements influencing the reactive potiverparameters of power system. FACTS devicestmmger

system operation through their control attributes @jection models [6]. The devices are mainlgugred as:

1. Series controllers such as Thyristor ControlledieSeCapacitor (TCSC), Thyristor Controlled Phaseglan
Regulators (TCPAR or TCPST), and Static Synchrorg@rrses Compensator (SSSC)

2. Shunt controllers such as Static Var Compensat€jSand Static Synchronous Compensator (STATCOM).

3. Combined series-series controllers and combineiessshunt controllers such as Interline Power Flow
Controller (IPFC), Unified Power Flow Controller PEC).
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Benefits of Utilizing Facts Device
The benefits of utilizing FACTS deces in electrical transmission systems can be suinedaas follows6]:
« Increased loading capacity of transmission lii
 Prevent blackout, improves generation producti
* Reduce circulating reactive power, Improves sysitahility limit a
* Reduce voltage flicker,
« Damping of power oscillations,
« Guaranteeing system stability,
« Security, availability,
« Reliability and economy operatic

OPERATION PRINCIPLES OF SSSC FACTS CONTROLLER

Static Synchronous Series Compensator (SS<

SSSC is a solid-statoltage Sourced Converter (VSC), which generatesrdrollable AC voltage, and connec!
in series to power transmission lines in a powetean. SSSC virtual compensates virtually a trarsomsline
impedance by injecting controllable voltacVs) in series with the transmission linés are in quadrature with the
line current, and emulate an inductive or a capacieactance so as to influence the power flothintransmissio
lines. The virtual reactance insertedVsinfluences electric power floim the transmission lines independent of
magnitude of the line current. The variatiorVsis performed by means of a VSC connected on thensiecy side
of a coupling transformer. A capacitor connectedl@DC side of the VSC acts as a DC voltsource. To keep
the capacitor charged and to provide transformdn\&BC losses, a small active power is drawn froelite. VSC
uses IGBTbased PWM inverters. The machine speed is detedniiyethe machine Inertia constant and by
difference betweenhe& mechanical torque, resulting from the appliedchaeical power, and the interr
electromagnetic torque and so the responses aaénebitconsidering the inertia. Further, the gatetdi are als
considered in the analysis. VSC using IC-based Pulse Wth Modulation (PWM) inverters is used in the et
study. The details of the inverter and harmoniesrant represented in power system stability stu@digSTC-based
model can also be used. This type of inverter B3&81 technique to synthesize a ssoidal waveform from a Dt
voltage with a typical chopping frequency of a fewhertz. Harmonics are cancelled by connectittgr at the
AC side of the VSC. This type of VSC uses a fixed ibltageVpc. Converter voltag®. is varied by changing the
modulation index of the PWM modulat SSSC circuit diagram is illustrated in FigTthe controllable parameter
this device is the magnitude of the series volsm@ce \s. This voltage source is regulated by the contrd#®D
[7].This controller is use for constant power flow through the lin
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In = T
Coupling Transformeer
DC-AC Control
Comverter

L'A
.

Fig. 1 Voltage source model of SSSC

TRANSIENT STABILITY ENHANCEMENT WITH SSSC FACTS
ROTOR SPEED RESPONSES
Rotor Speed Response of Generator
When the SSSC FACTS was not connected, the osmilabf the rotor speed also referred to as andrdguency
of synchronous generator 1 settle to steady sfzeating condition after simulation end time se#i@tseconds ¢
observed in Fig. 2The damping of post fault oscillations is imprdveonsiderably by SSSC FACTS device. *
device damps the oscillations giving rotor spedtlisg time of about 25 seconds as showFig. 3.

Rotor Speed Response of Generator

In a similar manner fosynchronous generator number 5, SSSC damps thiéatisns of the rotor speed (angu
frequency) responses to steady state operatingtammdfter about 25 second and -fault oscillations way settl
after simulation time of 40 seconds. The dampif post fault oscillations is achieved faster witBS8C FACTS
device. The oscillations phenomena with and wit®8SC exhibiting the pc-fault responses are shown in Fig
and 5 respectively.
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Fig. 2 Generator 1 Rotor Speed for IEEE-14-bus testystem with fault applied at bus 4
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Fig. 3 Generator 1 Rotor Speed, fault applied at bsi4 and SSSC at Bus 14
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Fig. 4 Generator 5 Rotor Speeds with fault applie@t bus 4
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Fig. 5 Generator 5 Rotor Speed, fault applied at bsi4 and SSSC at Bus 14
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Fig. 6 Bus 06 Voltage Response, fault applied at b4
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Fig. 7 Bus 06 Voltage response, fault applied at bt and SSSC at Bus 14
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BUS VOLTAGE RESPONSE

TDS with SSSC FACTS Device, the voltage respongirgetime is about 1 second for the voltage tacte the

steady state operating condition, whereas with@8G it takes more than 40 seconds due to the aifmils after

the 3 phase fault applied at bus 04 cleared wihratg time of 1.25 seconds. To maintain powerrizathe SSSC
absorbed voltage at bus 14 as shown in Fig. 7 fnitial value of 1.08p.u to about 0.15p.u. In Fég.voltage profile

response of Bus 06 after fault clearance time withBFC is shown. It can be seen that it takes rtiore to damp

oscillation and reaches the steady state afteo&sinulation time set at 40 seconds.

GENERATOR 4 E.M.F PROFILES

For synchronous generator number 5 E.m.f, e'd, S&&8Gps the oscillations to steady sate operatimgliton in
about 5 seconds and post-fault oscillations witltbatSSSC FACTS device settle way after simulatiioe of 40
seconds. The damping capability of SSSC for past-fgenerator E.m.f swings is achieved faster caneq to
when the device is not connected as shown in igahsesponses in Figs 8 and 9.
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Fig. 8 Generator 4 E.m.f, e; Response, fault applied at bus 4
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Fig. 9 Generator E.m.f, e'd Response, fault appliedt bus 4 and SSSC at Bus 14
GENERATOR 3 REAL POWER RESPONSE

Real power, P, response of synchronous generateitt®ut UPFC is shown in Fig. 10. Fig. 11 displaye
response with SSSC. Oscillations after fault cleegaat 1.25 seconds continue unsettled and go Hetfon
simulations ending time set at 40 seconds. Howaewigh, SSSC the swings settle to steady state apgrabndition
at about 22 seconds at real power magnitude dftlitess than the original value of 0.4p.u.
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GENERATOR 4 REACTIVE POWER RESPONSE

A similar arrangement for reactive power resporfssyachronous generator 4 without SSSC is showign 12.
Fig. 13 is an illustration of Q response with SS®Xcillations after fault clearance at 1.25 secocaistinue
unsettled and go beyond the simulations ending seteat 30 seconds. However, with SSSC the swietjke g0
steady state operating condition at about 2 sexvith reactive power magnitude of lesser magnit(@23p.u)
than the original value of about 0.34p.u.lt canobserved that fault oscillations of the un-dampgstesn before
settlement to steady state reached a peak of Q.7Blpis is similar to the response with UPFC system
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Fig. 10 Generator 3 real power response, fault apeld at bus 4
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Fig. 11 Generator 3 real power, fault applied at ba 4 and SSSC at Bus 14
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Fig. 12 Generator 4 reactive power response, faudtpplied at bus 4 without SSSC
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Fig. 13 Generator 4 reactive power, fault applied 8bus 04 and SSSC close to Bus 14

CONCLUSION

SSSC FACTS device not only damp the system odoitiatof the multimachine system but also reduce the
oscillation settling times for generator Emf vokagand rotor speed transient responses when upkedsip faulted
power systems. To achieve the steady state opgratindition after fault applied at bus 4, SSSC leixéd better
damping features for reactive power response tbarthfat of the angular frequency responses. Itidest that
SSSC FACTS controller provides better compensdbtorsystem voltages and reactive compared to athstem
parameters such as angular frequency.
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