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Work Scope

Design of FSC

RTDSTeds

Issues in the Field

Failures in the Past

Conclusion and Recommendations
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The design studies and analysis reports prepared by the manufacturer/contractor
have been reviewed.

The materials used for the FSCs by the manufacturer/contractor have been
evaluated.

The adequacy and compliance of the technical data and specifications provided by
with internat.

TEKAk to the manufacturer/ contractor
evaluated.

TOV, TRV, and SSR analyses for the FCSs have been conducted in the PSCA
environment.

Feedback has been provided regarding past failures and fault reports. ]

Realtime simulation (RTDS) tests have been conducted at 2 substation}.
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AFSCatsubstationi and2 substatiorhaveareactancef 33 Y andaratedcurrentof 2000A.

Line Length  Tatal Reatance Compensation

Line Name
Factor
Feeder 1 210 km ppzcp K %59
Feeder 2 203 km poxTd K %61
Feeder 3 266 km TnZndg K %46
Feeder 4 266 km Tnndg K %46
Table1i Substation 1

Line Name Line Length Total Reactance Compensation Facto
Feeder 1 266 km Tnndg K %46
Feeder 2 217 km pTZpn K %57
Feeder 3 168 km nnpH K %74

Table 2i Substation 2
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AThe FSCsat substationsrestructuredn anH-bridgeconnectiongconsistingof atotal of 180units,arrangedn 5 seriesand9 parallelconnections
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Figure 31 Connection structure of FSC
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AThe technicalspecificationpreparedy TEIAS for the FSCsat substatiorhasbeenreviewed takinginto accountnternationalstandardsnd

specificationgrom similar applicationsabroad
AThe technicalspecificationand datapreparedoy TEIAS are consideredo be definedin accordancevith the scopeand objectivesof the
project However,someupdatesravebeenrecommendetb protectTEIAS'srightsin similar future projects

Alt iIs recommendedhat opensourceEMT and RMS modelsof the systemto be installedin future projectsbe preparedand submittedto

TEIAS.
Alt is recommendethatRTDStestsbe conductedandeachunit betestedndividually beforeon-siteinstallationin futureapplications

Alt Is recommendethatimportantaspect®f theanalysisanddesignstudiesbe clearly statedn thetechnicalspecification
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AThe FCSsareclassifiedasM2 type (MOV + SparkGap)overvoltageprotection,asdefinedin the [IEC601431 standard

AThe protectivevoltagelevel determinedby the manufacturers U, 2.3 puwhichis equivalentio 214,6 kV.
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Figure 47 IEC60143Type Definitions of FSC Figure 57 Structure of FSCs
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= - S| < Capacitorovercurrentprotection

S5 & 9 5 S 'g g Capacitorunbalanceovercurrentprotection

= | o o o =

2| gl ¢ § g— g 2 MOV overcurrent protection

> = m 4 -

w 2 - 28 & MOV high temperature gradient protection

i)

Capacitor overload <X X X MOV over temperature protection
Varistor overload X X X MOV unbalance overcurrent protection
Subharmonic protection X | X X | X Sparkgap self triggering protection
SSR protection X | X _ )
Line current supervision X Sparkgap delayed trigger protection
Capacitor unbalance X| X| X Sparkgap trigger rejection protection
Flashover to platform protection X | X Spark Gagong term transmission protection
Varistor failure X | X L :
Bypass gap failure X | X Linetrip protection
Bypass switch failure protection : Platform Flash over potection
close failure 2 DS Bypassbreaker opening fault
Bypass switch failure protection :
open failure X | X Bypassbreaker closing fault
Bypass switch pole disagreement Bypass switch pole disagreement protection
protection X | X - ; ;
Disconnector pole disagreement Table 37 Protection Functions Used in FCSs
protection X | X
Protection and control system
failure X | X
Flashover to platform X | X

Figure 91 IEC60143 Wypical FCS Protection Functions
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ARTDS testsshouldbe conductedn the equipmento beinstalledon site Evenif the equipmenthasthe sameor similar structure the sametestsshouldbe repeatedor each

pieceof equipmenthatwill beinstalledin differentlocations

Aln the RTDS testreportsharedby the manufacturerit wasobservedhatthe testswere conductedon a single bank, despitethe fact that eachof the 7 feedershad different
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Figure 161 RTDS TesiConfiguration
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Figure 171 On Site Test Connection Setup
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Controlandprotectionsystemof the FSCsoperatesindernormaloperatingconditionsthroughcurrenttransformerd 10, T20, T21, T30, T31, T50, T60, andT70.

Behaviorof the protectionandcontrol systemwasexaminedoy supplyingsecondaryevel currentthroughthe GTAO cardandamplifier via RTDS/RSCAD
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Figure 1917 RTDS, GTAO veAmplifier Connection
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Figure 207 Amplifier ve Sampling Box Connection
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