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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 
TEĶAķ to the manufacturer/contractor with international standards have been 

evaluated.

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

Scope of the Work

Feedback has been provided regarding past failures and fault reports.

Real-time simulation (RTDS) tests have been conducted at 2 substations.
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Network Structure
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ÅFSCat substations1 and2 substationhavea reactanceof 33Ýanda ratedcurrentof 2000A.

Table 1 ïSubstation 1

Table 2ïSubstation 2

Line Name Line Length Total Reactance Compensation Factor
Feeder 1 266 km тлΣпф Ҡ %46
Feeder 2 217 km ртΣрл Ҡ %57
Feeder 3 168 km ппΣрн Ҡ %74

Line Name
Line Length Total Reactance Compensation 

Factor
Feeder 1 210 km ррΣср Ҡ %59
Feeder 2 203 km роΣтф Ҡ %61
Feeder 3 266 km тлΣпф Ҡ %46
Feeder 4 266 km тлΣпф Ҡ %46
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Structure of the FSC
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ÅTheFSCsatsubstationsarestructuredin anH-bridgeconnection,consistingof a totalof 180units,arrangedin 5 seriesand9 parallelconnections.

Figure 3 ïConnection structure of FSC
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Technical Specification
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ÅThetechnicalspecificationpreparedby TEIAS for theFSCsat substationhasbeenreviewed,taking into accountinternationalstandardsand

specificationsfrom similarapplicationsabroad.

ÅThe technicalspecificationanddatapreparedby TEIAS areconsideredto be definedin accordancewith the scopeandobjectivesof the

project. However,someupdateshavebeenrecommendedto protectTEIAS'srightsin similar futureprojects.

ÅIt is recommendedthat opensourceEMT and RMS modelsof the systemto be installedin future projectsbe preparedandsubmittedto

TEIAS.

ÅIt is recommendedthatRTDStestsbeconductedandeachunit betestedindividually beforeon-siteinstallationin futureapplications.

ÅIt is recommendedthatimportantaspectsof theanalysisanddesignstudiesbeclearlystatedin thetechnicalspecification.
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FSC Unit Structure
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ÅTheFCSsareclassifiedasM2 type(MOV + SparkGap)overvoltageprotection,asdefinedin theIEC60143-1 standard.

ÅTheprotectivevoltagelevel determinedby themanufactureris Upl 2.3 puwhich is equivalentto 214,6 kV.

Figure 4 ïIEC60143 Type Definitions of FSC Figure 5 ïStructure of FSCs
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Protection Functions
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Table 3 ïProtection Functions Used in FCSs

Capacitor overcurrent protection
Capacitor unbalance overcurrent protection

MOV overcurrent protection

MOV high temperature gradient protection

MOV over temperature protection

MOV unbalance overcurrent protection

Spark gap self triggering protection

Spark gap delayed trigger protection

Spark gap trigger rejection protection

Spark Gap long term transmission protection

Linetrip protection

Platform Flash over protection

Bypass breaker opening fault

Bypass breaker closing fault

Bypass switch pole disagreement protection

Figure 9 ïIEC60143 Typical FCS Protection Functions
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Capacitor overload X X X X
Varistor overload X X X
Sub-harmonic protection X X X X
SSR protection X X
Line current supervision X
Capacitor unbalance X X X
Flashover to platform protection X X
Varistor failure X X
Bypass gap failure X X

Bypass switch failure protection : 
close failure X X

Bypass switch failure protection : 
open failure X X

Bypass switch pole disagreement 
protection X X

Disconnector pole disagreement 
protection X X

Protection and control system 
failure X X
Flashover to platform   X X
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RTDS Reports from the Manufacturer
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ÅRTDStestsshouldbeconductedon theequipmentto beinstalledon site. Evenif theequipmenthasthesameor similar structure,thesametestsshouldberepeatedfor each

pieceof equipmentthatwill beinstalledin different locations.

ÅIn the RTDStestreportsharedby themanufacturer,it wasobservedthat the testswereconductedon a singlebank,despitethe fact that eachof the7 feedershaddifferent

thresholdvalues.

Figure 10ïRTDS Test Reports
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RTDS Tests Vs. System Operation
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Figure 15 ïFSC connections to the network during system operation Vs. RTDS tests
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RTDS Test Configuration
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Figure 16 ïRTDS Test Configuration
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RTDS Test Configuration
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Figure 17 ïOn Site Test Connection Setup
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RTDS Test

13

Å Controlandprotectionsystemof theFSCsoperatesundernormaloperatingconditionsthroughcurrenttransformersT10, T20, T21, T30, T31, T50, T60, andT70.

Å Behaviorof theprotectionandcontrolsystemwasexaminedby supplyingsecondarylevel currentthroughtheGTAO cardandamplifier via RTDS/RSCAD.

Figure 18 ïSampling Box Current Transformer Connections
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RTDS Test Configurations
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Figure 19 ïRTDS, GTAO ve Amplifier Connection Figure 20 ïAmplifier ve Sampling Box Connection


