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ABSTRACT

Recent advancement of technology in power eledsottie Voltage Source Converter (VSC) based téogyndas

been selected as the basis for several recent msyaem projects due to its controllability, companodular

design, ease of system interface and low envirotahenpact. This paper describes the rationale $etection of
VSC technology and the latest technical developngilized in recent power transmission systemtagel Source
Converters (VSC) have for the first time been deedVDC transmission in a real network. Experierican the

design and commissioning of the transmission shbassthe technology has now reached the stage wiése
possible to build high voltage converters utilisilggulated Gate Bipolar Transistors (IGBTs). Opé@at and

system tests have proved that the properties et been discussed for many years regarding VSG&DC are

a reality now. They include independent controlaative and reactive power, operation against isetatac

networks with no generation of their own, very tedineed of filters and no need of transformersterconversion
process. The development of semiconductors antdotequipment is presently very rapid and it isdewt that this

technology will play an important role in the futuexpansion of electric transmission and distributsystem .This
paper mainly focus light on- VSC’S based HVDC aA€FS technology.

Keywords: VSC , HVDC, IGBT, Valves , PWM , FACTS ,STATCSMC , SSSC, Power Quality issues.

INTRODUCTION

Traditional HYDC and FACTS installations have oftprovided economic solutions for special transroissi
applications. HVDC is well-suited for long-distandeilk power transmission, long submarine cablesirgs, and
asynchronous interconnections. Static var compersébVC) provide a reserve source of dynamic reagower
thereby raising power transfer limits. HYDC and FE&technologies permit transmitting more power deever
transmission lines. HVDC transmission and reacpesver compensation with voltage source convertesQ)/
technology has certain attributes which can be fi@akto overall system performance. HVDC Light™MdaSVC
Light™ technology developed by ABB employs voltagmurce converters (VSC) with series-connected IGBT
(insulated gate bipolar transistor) valves congiiith pulse width modulation (PWM). VSC convesteised for
power transmission (overvoltage support combinetdh vdn energy storage source) permit continuous and
independent control of real and reactive power.cRea power control is also independent of thatay other
terminal. Reactive power control can be used fanaglyic voltage regulation to support the intercotingcac
system following contingencies. This capability daorease the overall transfer levels. Forced cotatimn with
VSC even permits black start, i.e., the converter be used to synthesize a balanced set of thizse ploltages
much like a synchronous machine. On March 10, 1p&Wer was transmitted on the world’s first HVDC
transmission with VSC converters between Hellsj@in)(and Gréngesberg (Gbrg) in central Sweden. Sinee
extensive testing has been performed in order twepithat the Voltage Source HVDC technology fulfilse
expectations that since long time have been exgdasddifferent publications.
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Voltage Source Converter(VSC)2]

Basically a voltage-sourced converter generateso#tage from a dc voltage. It is for historical seas, often
referred to as an inverter, even though it hasctqeability to transfer power in either directionithiva voltage

source converter, the magnitude, the phase andl¢hanfrequency of the output voltage can be cdletioln these
converters the dc side voltage always has oneifygland the power reversal takes place througlensal of dc

current polarity .On dc side the voltage is supgatty a capacitor. This capacitor is large enoogit teast handle
a sustained charge/discharge current that accoepéme switching sequence of the converter valadssaifts in

phase angle of the switching valves without sigaifit change in the dc voltage .For the purposdsoidsion in

this paper, the dc capacitor voltage will be assummenstant. On the other hand the ac side is thergted ac
voltage connected to the ac system via an inductor.

VSC based HVDC Transmission System

Concept of HYDC

With the advent, of thyristors valve converters HVBansmission became more attractive. The firsD@\system
using thyristors valves was the eel river schemmmissioned in 1972, forming a320 mw back to back dc
interconnection between the power systems of theadian provinces of new Brunswick and quebec. Bhyrs
valves have now become standard equipment for dwecter stations. Recent developments in conversion
equipment have reduced their size and cost andiregrtheir reliability.

Main types of applications for which VSC based HVB& been used-

1.Underwater cables longer than about 30 km. Acstrassion is impractical for such distances becaighe
cable requiring intermediate compensation systems.

2.Asynchronous link between two ac systems.

3.HVDC transmission is a competitive alternative toti@nsmission for distances in excess of aboutk®@0VSC
have been made possible that the HVDC systemsdtzility to rapidly control the transmitted power.

HVDC transmission system based on Voltage Souraevé€iters (VSCs) has taken on some excellent adyasta
The new VSC-HVDC system known as “HVDC Light” or WBC Plus” [16,17] by leading vendors, has been
applied in several special occasions such as theemtion of off-shore wind farms or oil drillinggiforms into the
mainland electrical network and for undergrounchgraission or distribution systems within congestitiés. The
differences in structure between the two typesooiverters (Conventional HYDC and VSC-HVDC) conttioto
the differences in their performance. Generallg tlew transmission technology has the followingaativges
compared with conventional, thyristor based HVD8-PD]:

- Possibility to control the reactive power (congdhor generated by the converter) independentithefactive
power (to or from the converter).

- No risk of commutation failures in the converter.

- Ability to connect to weak AC networks, or evezad networks.

- Faster response due to increased switching freyu@WM).

- Minimal environmental impact.

However, VSC transmission does have some disadyasitavhich include potentially high power lossed high
capital costs when compared with conventional HVb@, the technology continues to evolve. This pgpesents
the elements of VSC-HVDC which uses twelve pulsedhevel converter topology and its control design

Fundamentals of VSC transmission

The fundamentals of VSC transmission operation beagxplained by considering each terminal as agelsource
connected to the AC transmission network via aettmease reactor. The two terminals are intercoeddsy a DC
link, as schematically shown in Fig. 3.1

oW,

Fie Basic V3C roemizion
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Fig.3. 2 shows a phasor diagram for the VSC corvednnected to an AC network via a transformeudtahce.
The fundamental voltage on the valve side of theveder transformer, i.dJV (1), is proportional to the DC
voltage as been expressed in Eq(1):

UV (1) = kuud 1)

The quantityku can be controlled by applying additional numbec@imutation per cycle, i.e. applying pulse with
modulation (PWM). Using the definition of the appatr power and neglecting the resistance of thestoamer
results in the following equations for the activelaeactive power:

ETye 1T

=" L = Wilk : =
S1IL O

o )
LT, —LF,, L reosE)
=3 3)
The active and reactive power will in the followibg defined as positive if the powers flow from &K@ network
to the converter. The phase displacement ahglél then be positive if the converter output \age lags behind the
AC voltage in phase.
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Fig L2Phaear diggram of FSC and direcnan of power flovs

Equation (2) gives that the active power is propogl to the DC current and the DC voltage. Furti@e it is
mainly determined by the phase-displacement afhghe positive phase-shift results in that the actpaaver flows
from the AC network to the converter. However thaative power is mainly determined by the diffeebetween
the magnitudes of the AC bus voltage and the cderveutput voltage according to the Eq.(3). Thectiga power
is fed from the voltage with higher magnitude togigathe voltage with the lower magnitude. Theseufeat permit
the independent control of the reactive and aqio@er which is a major advantage for the VSC. Pid@gmm is a
circle according to Eq.(4) with the centre not kechat origin as it does for the line commutatedvesters as
shown in Fig. 3.3.

-
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Fig 13 P- O chavacrnizies of a VEC-HVIN rystom
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If the output voltage of the convertel (1)is reduced, i.e. by using PWM, supply of any actind reactive power
within the circle is possible.

3.3VSC-HVDC Control strategy

Fig.3.4 shows an overview diagram of the VSC cdrggstem and its interface with the main circuil. [Ehe
converter 1 and converter 2 controller designs idemtical. The two controllers are independent wiitt
communication between them. Each converter hasiegoees of freedom. In our case, these are usamhtml:

* P andQin station 1 (rectifier)

» Ud andQ in station 2 (inverter).
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Phase locked loop

The phase locked loop (PLL) shown in fig3.4 is usedynchronise the converter control with the Moétage and
also to compute the transformation angle used éndto transformation. The PLL block measures the system
frequency and provides the phase synchronous a&hfyiethe d-q transformations block. In steady stsitgp) is in
phase with the fundamental (positive sequence) obmponent and phase A of the point of common dogpl

voltage Jabg). |

Ly

e Aot ¢ Pl gt

Panses i Wolage
@re+ Lo

(L

Fig As therviene dingras of the F5C conmvoel pvatem

Outer active and reactive power and voltage loop

The active power or the DC voltage is controlledthg control ofé and the reactive power is controlled by the
control of the modulation index). The instantaneous real and imaginary power @fitkrerter on the valve side
can be expressed in terms of ttiecomponent of the current and the voltage on theevside as follows:

_5 —dg T _5 . =
p—?-ReLUf ‘1 )—?'[.usi'lv.-d_ufqllvq}
2 y )
) - (6)

If the reference of thdg-frame is selected such that the quadrature conmparfe¢he voltage is being very small and
negligible (ILq= 0) then theEq(5) and Eq(6) indicate that the actind the reactive power are proportional todthe
and g component of the current respectively. Accordinglyis possible to control the active power (or D€
voltage or the DC current) and the reactive powettt{e AC bus voltage) by control of the currentinpmnentsvd
andivq respectively. The active and reactive power anthgel loop contains the outer loop regulators thbiutate
the reference value of the converter current vegtdg) which is the input to the inner current loop.

Inner Current Loop

For each of the phases we can write:
di_ :

u,—u_ =L—L+R-1_
dt

)

Characteristic of VSC used in HVDC and FACTS system

The major element of the converter are the valieglerand converter transformer. The valve bridgenisarray of
high voltage switches or valves that sequentiadignect the three phase alternating voltage to themininals so
that the desired conversion and control of powerahieved. The converter transformer providesagiopriate
interface between the ac and dc systems. In thisvi@escribe the structure and operation of peattconverter
circuit used in HVYDC system.
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Valve characteristics

The early HVDC systems used mercury arc valves.chtgrarc valves with rated currents of the ordef@®0 to
2000 A and rated peak inverse voltage of 50 toK8Mhave been built and used. The disadvantageseofumy arc
valves are their large size and tendency to coriduetverse direction.

All HVDC system built since the mid- 1970 have uslegristors valves. Thyristors valves rated at 2603000 A
and 3 to 5 KV have been developed. The thyristbrevaill conduct only when the anode is positivehwiespect to
cathode and when there is positive voltage appbetthe gate. Conventional thyristor device has dhby/turn on
control; its turn off depends on the current contimgero as per circuit and system conditions. Beguch as gate
turn off thyristor( GTO), integrated gate bipolaansistor(IGBT), MOS turn off thyristor (MTO) andtegrated
gate- commutated thyristors(IGCT) have turn on &mh off capability. These devices reffered to am toff
devices are more expensive and have higher lobaesthe thyristors without turn off capability; hever turn off
devices enable voltage source converter conceptscn have significant overall system cost andop@ance
advantages. These valves made converter self catimyfs against the conventional line commutatimgyverters.

Converters applicable to recent HYDC and FACTSnetdgy would be of the self commutating type.

Since the direct current in a voltage sourced cdavdlows in either direction, the converter vavieave to be
bidirectional and also the dc voltage does notnssethe turn off devices need not have reversag®elcapability,
such turn off devices known as asymmetric turndeffices. Thus a voltage- sourced converter valveaide up of
an asymmetric turn off device such as GTO with @ltel diode connected in reverse. Some turn officts such
as the IGBTs and IGCTs, may have a parallel revdisge built in as part of a complete integratedicke suitable
for VSCs. In reality, there would be severahtoff device diode units in series for high voltaamplications. In
general , the symbol of one turn off device witheqgmarallel diode as shown in Fig 4.1 represent lgevaf
appropriate current and voltage rating requiredtierconverter.

LT EER s
dervice

fig 4. 1 wabee e A vollage soanced Comverned

Three phase full wave bridge voltage sourced conver (6-pulse VSC)

Converter operation

Fig 4.2(a) shows a three phase, full-wave convewidr six valves ,(1-1') to (6-6").It consist of e phase-legs,
which operate in concert,120 degrees apart. Theetiphase-legs operate in a square wave mode. Edoh v
alternately closes for 180 degrees as shown by#weforms v, ,w, and v, in fig 4.2(b).These three square-wave
waveforms are the voltages of ac buses a, b, amihcrespect to a hypothetical dc —capacitor midp®, with
peak voltages of +¥2 and —\{/2. The three phase legs have their timing 120 edegapart with respect to each
other in what amounts to a 6-pulse converter ojmerat

4.2 B Fall vewry vowrerin

Fig 4.2(b) shows the three phase- to- phase vdtage w., andv., .The turn-on and turn-off of the devices
establish the waveforms of the ac bus voltageslation to the dc voltage, the current flow itsslthe result of the
interaction of the ac voltage with the ac systeactEconverter phase-leg can handle resultant dutosnin either
direction .Fig(4.2b) shows an assumed ac cuiggntphase a, with positive current representingentrfrom the ac
to the dc side.
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From point t to %, for example, phase a current is negative anddh#isw either valve 1-1' or valve 4-4'.It is seen
,when comparing the phase a voltage with the wawrefof the phase a current, that when turn-off devi¢ is on
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turn-off device 1 is off and the current is negatithe current would actually flow through diode But later ,say
from point  to & when device 4 is turned off and device 1 is turoegdthe negative current flows through device 1,
the current having transferred from diode 4’ teide 1.

In fact at any time , three valves are conducting three-phase converter system and only theeaptiwer part of
the ac current and part of the harmonics flowithe dc side as shown in fig 4.2(c).

12-pulse, 24-pulse and 48-pulse operation of VSCs

In the arrangement of Fig 4.3(a), the two six- putenverters, involving a total of six phase-legs @nnected in
parallel on the same dc bus, and work together 42-pulse converter. It is necessary to have twmarste
transformers, otherwise phase shift in the non-1i8e harmonics i.e. ™5 7", 17", 19" in the secondaries will
result in a large circulating current due to comnaeore flux. Therefore, it is necessary to connbetttansformer
primaries of two separate transformer in seriesamshect the combination to the ac bus. With thiaregement the
two waveforms y,and v, adjusted for the transformer ratio and one of thiisplaced by 30 degrees when added
will give a third waveform, which is seen to bezdulse waveform, closer to being a sine wave dah of the six
—pulse waveform as shown in fig 4.3(b). The twowesters can also be connected in series on thelddar a 12-
pulse converter of twice the dc voltage, figure(d).3n such a case, it is important to provide atod to ensure that
the two dc buses (capacitors) have equal voltages.

THB=ALAN |
el o S e v B
e o M B
= Pl =
[ 1'5 JII:
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i F_|
i = | . 50 pusa phase to phase
o A 25 |
LEF}.-:EJ_:__ ’_JI B
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12 pulse

{b)

43 Twehiegulsc voltags-sourced comverter: () [2-palse et with

iy vyt and celfa ssoondanies (B 13-pulse wavefurm from twe SR-pllse

waveborme: [2) 12:a0kss camvarter will two series coanected si-pule
GHEVECtarS,

Two 12-pulse converters, phase shifted by 15 dedgreen each other, can provide a 24-pulse convest®riously
with much lower harmonics on ac and dc side.15akgyphase shift can be arranged by two approaches-

1.To provide 15 degrees phase-shift windings onwleetransformers of one of the two 12-pulse cotars.

2.To provide phase-shift windings for +7.5 degrpbase shift on the two transformers of one 12-patseverter
and -7.5 degrees on the two transformers of therdtB-pulse converter shown in fig 4.4(a).

The 29 approach is preferred because it requires tramgfar of the same design and leakage inductandesarirs
of all four transformers can be connected in seaeshown in fig 4.4(b) in order to avoid harmogirculation
current corresponding the 12-pulse order, i.&, 18", 23th, 24"
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For high power FACTS controllers and HVDC convestdrom the point of view of the ac system, evé&#gulse
converter without ac filters could have voltagerhanics, which are higher than acceptable level. dlte¥native, is
to go to 48-pulse operation with 8 six-pulse grqupih one set transformers of one 24-pulse coevegrhase
shifted from the other by 7.5 degrees ,or one lsifies by +3.75 degrees and the other by -3.75ek=gr\With 48-
pulse operation, ac filters should not be necessary

Three level voltage-sourced converter

Operation of three level converter

As we that it would be desirable to vary the magtetof ac output voltage without having to chargermagnitude
of the dc voltage. The concept of three level coteveaccomplish that to some extent. One phaseeflegythree
level converter is shown in figure 4.5(a). The ottveo phase legs would be connected across the darhas-bars
and the clamping diodes connected to the same rnidNoof the dc capacitor .It is seen that eacli bbthe phase
leg is split in to two series connected valves,i-4’ is split in to 1-1’ and 1A-1A’.The midpoimf the split valves
is connected by diodes and ™ the midpoint N.” However ,doubling the numbéwalves with the same voltage
rating would double the dc voltage and hence theep capacity of the converter .Fig 4.5(b) showspouvoltage
corresponding to one three level phase leg. Witketlevel converter we can observed that for thattn of zero
output voltage , the phase-leg current flows ith® midpoint of the two capacitors and thus flowotlgh the dc
capacitor. This current is mainly of third harmoard it is independent of the converter pulse numbe
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Three-level converter with parallel legs

In this arrangement we connect two phase-legs mllph per phase as shown in fig. 4.6(a).The twgslare
paralleled through an inductor and the ac connedsionade at the midpoint of this inductor, andrtpelse sets are

shifted by an angle each in the opposite directions. The ac termioébge of the two phase legs, with respect to a
hypothetical dc midpoint are shown in fig. 4.6(b)
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VSC technology and pulse width modulation (PWM)

HVDC was originally developed from technologies dise industrial drive systems. There the PCC (Phase
Commutated Converter) technology which is at prebeimg used for HYDC has now almost entirely besgplaced

by VSC technology. The fundamental difference betwthese two technologies is that VSCs need conmpetieat
can turn-off the current and not only turn it oni@she case with PCCs. Since in a VSC the curantbe turned
off, there is no need for a network to commutat@iregs. In HVDC-applications it could then be adeay@ous to use
the VSC technology especially to supply passive leatworks, that is areas which lack rotating maesior which
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do not have enough power in the rotating machisésr{ circuit power too low). With the appearandehigh

switching frequency components, such as IGBTs¢bbees advantageous to use Pulse Width ModulatigdiP
Technology. In a VSC converter the ac. voltageréated by switching very fast between two fixedtagés. The
desired fundamental frequency voltage is createzlithh low pass filtering of the high frequency puieodulated
voltage as shown in fig 4.7(a) and(b).

With PWM it is possible to create any phase anglamplitude (up to a certain limit) by changing tRgVM

pattern, which can be done almost instantaneottdyeby, PWM offers the possibility to control bathtive and
reactive power independently of each other. Thikasahe Pulse Width Modulated Voltage Source Cdavex
close to ideal component in the transmission ndkwerom a system point of view it acts as a motogenerator
without mass that can control active and reactwegy almost instantaneously. Furthermore, it dagscantribute
to the short-circuit power since the ac. curremt loa controlled.

5. VSC based flexible Ac transmission system (FACT)$echnology

5.1 FLEXIBLE AC TRANSMTSSTON SYSTEMS (FACTS)

The rapid development of power electronics techywlprovides exciting opportunities to develop neewpr

system equipment for better utilization of existgygtem. Since 1990, a number of control deviceleuthe term
FACTS technology have been proposed and implemerff&LCTS devices can be effectively used for pofiex

control, load sharing among parallel corridorstagé regulation, enhancement of transient stalaliy mitigation
of system oscillations, By giving additional fleiity, FACTS controllers enable a line to carrywser closer to its
thermal rating. Mechanical switching has to be $aimented by rapid response power electronics. it beanoted
that FACTS is an enabling technology, and not aamene substitute for mechanical switches.

FACTS employ high speed thyristors for switchingan out transmission line components such as capaci
reactors or phase shifting transformer for soméralele performance of the systems. The FACTS teldgyas not
a single high-power controller, but rather a cdiat of controllers, which can be applied indivitlyaor in
coordination with others to control one or moretef system parameters.

5.2 PRINCIPLE AND OPERATION OF VSC in FACTS

Controllable reactive power can be generated biodmc switching converters which are switched incéyonism
with the line voltage with which the reactive povigexchanged. A switching power converter cong$tsn array
of solid state switches which connect the inputieals to the output terminals. It has no intestatage and so the
instantaneous input and output power are equath&uthe input and output terminations are comptearg|, that
is, if the input is terminated by a voltage soufclkearged capacitor or battery), output is a cursentrce (which
means a voltage source having an inductive impexjaamtd vice versa. Thus, the converter can begelsaurced
(shunted by a capacitor or battery) or current sedir(shunted by an inductor). Single line diagranthe basic
voltage sourced converter scheme for reactive p@eeeration is drawn in Fig. 5.1. For reactive pofi@v bus
voltage V and converter terminal voltage &fe in phase.

Then on per phase basis
;: 1“’ — 1‘I-I
[he reactive power exchange is

. ViV —¥;)
g=Vi= o,
X

The switching circuit is capable of adjusting Vbe toutput voltage of the converter. For Vo < Vagd V and Q
drawn from the bus is inductive, while for Vo > Mgads V and Q drawn from the bus is leading. Reagower

drawn can be easily and smoothly varied by adjgstio by changing the on time of the solid-statetshs. It is to

be noted that transformer leakage reactance ite.guiall (0.1-0.15 pu), which means that a smdieince of

voltage (V-Vo) causes the required, | and Q flowu3 the converter acts like a static synchronoumsleaser (or
VAR generator). A typical converter circuit is shown Fig. 5.2 .1t is a 3-phase two-level, six-pulédridge with a

diode in anti-parallel to each of the six thyist (Normally, GTO's are used). Timings of thegdgng pulses are
in synchronism with the bus voltage waves.
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As the converter draws only reactive power, realvgrodrawn from the capacitor is zero. Also at derdz
frequency) the capacitor does not supply any reagiower. Therefore, the capacitor voltage doechahge and
the capacitor establishes only a voltage leveltierconverter. The switching causes the convesténterconnect
the 3-phase lines so that reactive current can ffletween them. The converter draws a small amdueiab power
to provide for the internal loss (in switching).itlis required to feed real power to the bus,dhpacitor is replaced
by a storage battery. For this the circuit switghitas to be modified to create a phase differébetween ¥ and V
with Vg leading V. The above explained converter is cotated shunt with the line. On similar lines a certer
can be constructed with its terminals in seriedhulile line. It has to carry the line current andvite a suitable
magnitude (may also be phase) voltage in serids thé line. In such a connection it would act asrapedance
modifier of the line.

FACTS CONTROLLERS

The development of FACTS controllers has followed different approaches. The first approach emptegstive
impedances or a tap changing transformer with shyriswitches as controlled elements, the secoptoaph
employs self-commutated static converters as chedrosoltage sources. In general, FACTS controlieas be
divided into four categories.

(i) series (ii) shunt (iii) combined series-serizg(combined series-shunt controllers.

The general symbol for a FACTS controller is giverrig. 5.3(a).Which shows a thyristor arrow insaléox. The
series controller of Fig. 5.3(b) could be a varaishpedance, such as capacitor, reactor, etcpomer electronics
based variable source. All series controllers iny@ttage in series with the line. If the voltagen phase quadrature
with the line, the series controller only suppligsconsumes variable reactive power. Any other @latationship
will involve real power also.

The shunt controllers of Fig. 5.3(c) may be vaegaibhpedance, variable source or a combinationedehAll shunt
controllers inject current into the system at tbanpof connection. Combined series-series cormrslbf Fig. 5.3(d)
could be a combination of separates series coatsolhich are controlled in a coordinated mannet could be a
unified controller.

Combined series-shunt controllers are either ctiattan a coordinated manner as in Fig. 5.3(e) aniéied Power
Flow Controller with series and shunt elementsnabig. 5.3(f). For unified controller, there can deeal power
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exchange between the series and shunt controllarshe dc power link. Storages sources such aspaciar
,battery, superconducting magnet, or any othercsoof energy can be added in parallel through antmnic
interface to replenish the converter's dc storagsh@wn dotted in Fig. 5.3 (b). A controller wittorage is more
effective for controlling the system dynamics ttiae corresponding controller without storage.

The group of FACTS controllers employing VSC basgdchronous voltage sources-
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STATCOM

STATCOM is a static synchronous generator opera®da shunt-connected static VAR compensator whose
capacitive or inductive output current can be aullgd independent of the ac system voltage. The BI@M, like

its conventional counterpart, the SVC, controlssraission voltage by reactive shunt compensattaran be based

on a voltage-sourced or current-sourced convettgure 5.4(a) shows a one-line diagram of STATCCdddnl on a

voltage-source and a current source dc convexlermally a voltage-sourced converter is preferfed most
converter-based FACTS controllers.
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[ I i €
S.da) B LATLCON based on veltages and current
Sonreed lnveite

STATCOM can be designed to be an active filtealtsorb system harmonics .A combination of STATCQOM a
any energy source to supply or absorb power iedadtatic synchronous generator (SSG) as showig5m{b).
Energy source may be a battery, flywheel, supergciimty magnet, large dc storage capacitor, another
rectifier/inverter etc.
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Static Synchronous Series Compensator (SSCC)
It is a series connected controller. Though iike ISTATCOM, but (its output voltage is in serieghathe line. It

thus controls the voltage across the line and hgésd@mpedance.

fig 5.5 {a} Static Syechronous Series Compensater(S550) () 3550 with siorage

I nterline Power Flow Controller (IPFC)

This is a recently introduced controller [2,3]. i# a combination of two or more static synchronmasies
compensators which are coupled via a common dctdirflcilitate bi-directional flow of real power tveeen the ac
terminals of the SSSCs, and are controlled to pmundependent reactive series compensation focdh&ol of
real power flow in each line and maintain the dasidistribution of reactive power flow among theek. Thus it
manages a comprehensive overall real and reaaiwermpmanagement for a multi-line transmission syste

Unified Power Flow Controller (UPFC)

This controller is connected as shown in Fig. &6 a combination of STATCOM and SSSC which aoepied
via a common dc- link to —allow bi-directional flosf real power between the series output termioathe SSSC
and the shunt output terminals of the STATCOM. Ehase controlled for provide concurrent real anactiee
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series line compensation without an external ensayyce. The UPFC, by means of angularly uncomstdaseries
voltage injection, is able to control, concurrefgignultaneously or selectively, the transmissiame livoltage,
impedance, and angle or, alternatively, the redlraactive line flows. The UPFC may also providgejpendently
controllable shunt- reactive compensation.

Line

=

\200000 3
Tﬁ"_ 555C

-

STATCOM

[ e
3T
de link

Fig. 56 Unilied Power Flow Controller (UPFC)

5.4 Converter rating for FACTS technology general omments

Most FACTS applications will involve converters wia rating much higher than 5 MVA. The designer ras
many options to meet the needs of the higher ralihgse options include-

(a).Increase pulse-order to 12, 24, or 48, in otdaeduce the harmonics to an acceptable levél it4, or 8 six-
pulse converters, duly phase shifted, one can coamtly increase the total converter rating to imam 10,20, or
40 MVA, still with one turn-off device per valve.

(b).Adapting a three- level converter topology adeables the converter voltage and hence the patenéximum
single-device per valve converter capacity to, 8ayiV/A per six pulse, 20MVA per 12-pulse, and so on.
(c).Connecting devices in series is the most fratiyeised option for high- power converters. Hdre issue is that
of ensuring equal voltage distribution among theiaks.

(d).Double the number of phase-legs and connech tineparallel. These phase-legs may be of the awvellor
three-level variety.

CONCLUSION

In this article ,we discussed various principleF&iCTS and HVDC pertaining to VSCs in transmisssystems.
Circuit analysis and Mathematical algorithms arespnted for computer simulation purposes to achiee
experimental results.Future work will invite intgnt systems to achieve more optimium and fagesys
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