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Brazilian North-South Interconnection - DetailBrazilian NorthBrazilian North--South Interconnection South Interconnection -- DetailDetail

Eletrobrás

North-South Interconnection
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Retuning Stabilizers for the Brazilian North-South 
Interconnection
Retuning Stabilizers for the Brazilian NorthRetuning Stabilizers for the Brazilian North--South South 
InterconnectionInterconnection

•• Carried out by the Carried out by the EletrobrásEletrobrás/GCOI task force NSPRE/R/GCOI task force NSPRE/R

•• TCSC damping controllers previously defined by Planning DivisionTCSC damping controllers previously defined by Planning Division

•• Various base cases and (NVarious base cases and (N--1) contingency scenarios have been 1) contingency scenarios have been 

consideredconsidered

•• Integral of accelerating power Integral of accelerating power PSSsPSSs
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System DataSystem DataSystem Data

•• NorthNorth--South interconnectionSouth interconnection

–– 1000 km long, 1300 MW transfer, 500 kV compact line, series 1000 km long, 1300 MW transfer, 500 kV compact line, series 

compensatedcompensated

–– 2 2 TCSC’sTCSC’s (6% compensation each)(6% compensation each)

–– 2300 bus model, 120 generators, 4 2300 bus model, 120 generators, 4 SVC’sSVC’s, 1 HVDC link, 1 HVDC link

–– NorthNorth--South mode (0.17 South mode (0.17 -- 0.25 Hz) may become low damped0.25 Hz) may become low damped
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Retuning ProcedureRetuning ProcedureRetuning Procedure

•• The retuning procedure comprises eight steps:The retuning procedure comprises eight steps:

–– Step 1 Step 1 –– EigenvalueEigenvalue and Step Disturbance Studies on Individual and Step Disturbance Studies on Individual 

Generator UnitsGenerator Units

–– Step 2 Step 2 –– Study of Three Base CasesStudy of Three Base Cases

–– Step 3 Step 3 –– Coordinated Design of Coordinated Design of TCSCsTCSCs and and PSSsPSSs

–– Step 4 Step 4 –– Robustness Assessment of the PSS and TCSC Designs for Robustness Assessment of the PSS and TCSC Designs for 

Multiple ScenariosMultiple Scenarios

–– Step 5 Step 5 –– Benchmarking Small Signal and Transient Stability ResultsBenchmarking Small Signal and Transient Stability Results

–– Step 6 Step 6 –– Transient Stability SimulationsTransient Stability Simulations

–– Step 7 Step 7 –– Stabilizer Commissioning, Retuning and Power Plant TestsStabilizer Commissioning, Retuning and Power Plant Tests

–– Step 8 Step 8 –– Power System Oscillation MonitoringPower System Oscillation Monitoring
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Exciting the North-South Mode the MostExciting the NorthExciting the North--South Mode the MostSouth Mode the Most

•• Simultaneous disturbances of opposite polarities applied to NortSimultaneous disturbances of opposite polarities applied to North and h and 
South generatorsSouth generators

•• Monitor the magnitude of power transients in the NorthMonitor the magnitude of power transients in the North--South tieSouth tie

λλ == --0.034 0.034 ±± j 1.079j 1.079
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Step ResponsesStep ResponsesStep Responses

•• Step responses of major system generators for scenario R (1000MWStep responses of major system generators for scenario R (1000MW

N/NE N/NE --> S/SE) with existing > S/SE) with existing PSSsPSSs and without TCSC stabilizerand without TCSC stabilizer
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Mode-Shape for North-South Inter-Area ModeModeMode--Shape for NorthShape for North--South InterSouth Inter--Area ModeArea Mode

•• ModeMode--Shape for NorthShape for North--South interSouth inter--area mode (area mode (λλ == --0.034 0.034 ±± j 1.079)j 1.079)

North-NortheastSouth-Southeast
Itaipu 50 Hz
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Ranking the Most Effective PSS Locations Based on Transfer 
Function Residues
Ranking the Most Effective PSS Locations Based on Transfer Ranking the Most Effective PSS Locations Based on Transfer 
Function ResiduesFunction Residues

•• The residue ranking list of transfer functions The residue ranking list of transfer functions ∆∆ωωii((λλ)/)/∆∆VVrefref
ii ((λλ), ), 

ii == 1,1, ...,..., NNgg helps locating the most effective generators for installing helps locating the most effective generators for installing 

or retuning existing PSS for damping the interor retuning existing PSS for damping the inter--area modearea mode

λλ = = --0.034 0.034 ±± j 1.079j 1.079
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PSS Tuning and Coordination for Damping Several Dominant 
Modes
PSS Tuning and Coordination for Damping Several Dominant PSS Tuning and Coordination for Damping Several Dominant 
ModesModes

•• Dominant pole spectrum for Dominant pole spectrum for ∆ω∆ω(s)/(s)/∆∆VVrefref(s) at (s) at XingóXingó power plant. The power plant. The 
complex vectors are the transfer function residues associated wicomplex vectors are the transfer function residues associated with the th the 
various poles. The residue magnitudes were made larger than actuvarious poles. The residue magnitudes were made larger than actual al 
for readabilityfor readability
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PSS Tuning and Coordination for Damping Several Dominant 
Modes
PSS Tuning and Coordination for Damping Several Dominant PSS Tuning and Coordination for Damping Several Dominant 
ModesModes

The PSS phase The PSS phase 

characteristics are characteristics are 

determined so that the determined so that the 

residues associated with the residues associated with the 

multimachinemultimachine modes at modes at 

about 8 about 8 radrad/s are advanced /s are advanced 

by about 70by about 70°° while the while the 

residue associated with the residue associated with the 

NorthNorth--South mode at 1 South mode at 1 radrad/s /s 

experiences no phase experiences no phase 

change. change. 
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PSS Tuning and Coordination for Damping Several Dominant 
Modes
PSS Tuning and Coordination for Damping Several Dominant PSS Tuning and Coordination for Damping Several Dominant 
ModesModes
•• This PSS tuning causes the original residues shown in  to be rotThis PSS tuning causes the original residues shown in  to be rotated ated 

and amplified as indicated in the figure belowand amplified as indicated in the figure below

•• Dominant pole spectrum and residues for the openDominant pole spectrum and residues for the open--loop transfer loop transfer 
function PSS(s)function PSS(s)..∆ω∆ω(s)/(s)/∆∆VVrefref(s). These residues correspond to the first(s). These residues correspond to the first--
order estimate for the Rootorder estimate for the Root--Locus plot, as the PSS gain at Locus plot, as the PSS gain at Xingó Xingó power power 
plant is raised from zero to 20plant is raised from zero to 20 pupu//pupu..
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PSS Tuning and Coordination for Damping Several Dominant 
Modes
PSS Tuning and Coordination for Damping Several Dominant PSS Tuning and Coordination for Damping Several Dominant 
ModesModes

•• FirstFirst--Order estimate of the RootOrder estimate of the Root--Contour plot as the gains of stabilizers Contour plot as the gains of stabilizers 
at at XingóXingó, Paulo , Paulo AfonsoAfonso IV and IV and ItaparicaItaparica are raised from zero to 20are raised from zero to 20
pupu//pupu
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Examples of Root-Locus for Large System ModelsExamples of RootExamples of Root--Locus for Large System ModelsLocus for Large System Models

•• RootRoot--Contour plot as the gains of the Contour plot as the gains of the PSSsPSSs at at XingóXingó, Paulo , Paulo AfonsoAfonso IV IV 
and and ItaparicaItaparica are raised from zero to 25are raised from zero to 25 pupu//pupu
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Examples of Root-Locus for Large System ModelsExamples of RootExamples of Root--Locus for Large System ModelsLocus for Large System Models

•• Locus of NorthLocus of North--South mode following changes in the PSS gains at South mode following changes in the PSS gains at 
XingóXingó, Paulo , Paulo AfonsoAfonso IV and IV and ItaparicaItaparica power plantspower plants
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Examples of Full Eigensolution for Large SystemsExamples of FullExamples of Full EigensolutionEigensolution for Large Systemsfor Large Systems

•• EigenvalueEigenvalue spectrum of the Northspectrum of the North--South Brazilian interconnection with South Brazilian interconnection with 
existing existing PSSsPSSs and without and without TCSCsTCSCs (1,700 state variables). The chosen (1,700 state variables). The chosen 
scenario is not criticalscenario is not critical
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Examples of Full Eigensolution for Large SystemsExamples of FullExamples of Full EigensolutionEigensolution for Large Systemsfor Large Systems

•• EigenvalueEigenvalue spectrum for the Northspectrum for the North--South Brazilian interconnection in South Brazilian interconnection in 
the absence of Power System Stabilizers and TCSC damping controlthe absence of Power System Stabilizers and TCSC damping controllers lers 
(1,300 State Variables)(1,300 State Variables)
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Example of Macro Functions Results for Various System 
Scenarios
Example of Macro Functions Results for Various System Example of Macro Functions Results for Various System 
ScenariosScenarios

•• Location of NorthLocation of North--South Mode, considering 19 scenarios, with and South Mode, considering 19 scenarios, with and 
without stabilizers at without stabilizers at XingóXingó, Paulo , Paulo AfonsoAfonso IV and IV and ItaparicaItaparica power plantspower plants

15% 10% 5%

With Existing Stabilizers
Without Stabilizers
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Example of Macro Functions Results for Various System 
Scenarios
Example of Macro Functions Results for Various System Example of Macro Functions Results for Various System 
ScenariosScenarios

•• Location of NorthLocation of North--South Mode, considering 19 scenarios, with existing South Mode, considering 19 scenarios, with existing 
and proposed stabilizers at and proposed stabilizers at XingóXingó, Paulo , Paulo AfonsoAfonso IV and IV and ItaparicaItaparica power power 
plantsplants

15% 10% 5%

Existing Stabilizers
Proposed Stabilizers
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Benchmarking Small-Signal and Transient Stability ResultsBenchmarking SmallBenchmarking Small--Signal and Transient Stability ResultsSignal and Transient Stability Results

•• Comparison of small signal and transient stability program respoComparison of small signal and transient stability program responses nses 
for a small disturbance. System model with proposed for a small disturbance. System model with proposed PSSsPSSs in Paulo in Paulo 
AfonsoAfonso IV and IV and XingóXingó power plants (100 MVA base)power plants (100 MVA base)
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Example of Transient Stability SimulationExample of Transient Stability SimulationExample of Transient Stability Simulation

•• Active power flow transients in the NorthActive power flow transients in the North--SouthSouth intertieintertie, after a fault , after a fault 
with subsequent linewith subsequent line reclosurereclosure
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ConclusionsConclusionsConclusions

•• Modified Modified PSSs PSSs at 3 power plants plus the at 3 power plants plus the TCSCs TCSCs provide an adequate provide an adequate 

level of redundancy in the damping sources to the critical Northlevel of redundancy in the damping sources to the critical North--South South 

modemode

•• Advanced linear analysis software was instrumental to the succesAdvanced linear analysis software was instrumental to the success of s of 

the damping analysis and control studythe damping analysis and control study

•• Very lowVery low--frequency interfrequency inter--area modes call for a tighter damping criteria area modes call for a tighter damping criteria 

((ξξ = 15%)= 15%)

•• GEPGEP--based PSS tuning can be difficult sometimesbased PSS tuning can be difficult sometimes
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Example of Macro Functions Results for Various System 
Scenarios
Example of Macro Functions Results for Various System Example of Macro Functions Results for Various System 
ScenariosScenarios

•• Location of three major interLocation of three major inter--area modes for 64 Narea modes for 64 N--1 contingencies1 contingencies in in 
the Argentinean interconnected systemthe Argentinean interconnected system
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