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Brazilian North-South Interconnection

BOA VISTA,
*._COACARY NUNK
S o
: L o SAMITANA T yiRamAR
- (TN A
o BALB”:‘;\\, SANTAREM "—"wr~” O SMERA
3 R ;
; o /N conpg SAQ LUIS R
L4 ALTAMIRA /% b
0 O .
MANAUS N . » 1
+  o"""RURGPOLIS 1R TUCURUL
+ ITAITUBA S, .~ IMPERATRIZ \MOSSORO
3 MARABA @ 0
; +"7I\ "BBUTRA +7 QACU N NaTAL
A ] »
e SawUEL XINGUARA J PESSOA
PN FE S.J.PIAUI ’
“+PORTO VELHO .. -q TP REDENGAO 4 o gygggg‘z RECIFE
RIO BRANCO " *+ 4 £oisc % ARIQUEMES e
S ABUNA N ST SOBRADINHO, N, MACEIS
‘JIPARANA ; . y
h |RECE XINGO
R .
PBUENO o, SINOP : o /ARACAJU
SORRISO H g
o Gov.
9 VILHENA hR L0 MANG. P~ /SALVADOR
o . ARG Ty o]
NOVA MUTUM ./ SERRA H
P ' DAMESA BILAPA L eon
MANSO
cumsh | BARRA'DO PEIXE
« o"A ' \BRASILIA
) R S\ GOIANIA MONTES CLAROS .
RSYDONAROLIS : £ COMFjLEXO o -~ O EUNAPOLIS
T . RIO RARANAIBA 5,
-3
RIO}/_I?RDE C__ TMARIAS .
COMPLEXD -, +.MASJARENHAS
4 (o RIO GRANDE ,‘o
coRmE P BELO Y viroria
COMPLEXO C.GRANDE . . HORIZONT/
RIO PARANA . d O\ J. FORA "~/
J - : .0} CAMPOS
DOURAD < el > >
COMPLEXO = il e
RIO PARANAPANEMA - LTS . =" RIO DE JANEIRO
=Y ST LR C.PAULISTA
- ATARORA sAopaULO
& ‘,—‘
) ITAIPU 7" ‘ AREIA
S.0SORIO/S.CAXIAS CURITIBA
S.SANTIAGO—F1- - SRR
G o : gAdvos
SﬁgéﬁRE A - o omm =0 YBLUMENAU
GARABLA OO 3
P.FUNR
Q <
URUGUAIANA / |, ALEGRETE .
{ PORTO ALEGRE
&l
LIVRAMENTO
~CANDIOJA

Retuning Stabilizers for the North-South Brazilian Interconnection

1999 IEEE PES Summer Meeting



Braziliain North-Souitth Interconnection - Detail
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Retuning Stabilizers for the Brazilian North-South
Interconnection

e Carried out by the Eletrobras/GCOI task force NSPRE/R
e TCSC damping controllers previously defined by Planning Division

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

considered

e Integral of accelerating power PSSs
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System Data

e North-South interconnection

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

compensated
— 2 TCSC's (6% compensation each)

— 2300 bus model, 120 generators, 4 SVC's, 1 HVDC link

— North-South mode (0.17 - 0.25 Hz) may become low damped
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Retuning Procedure

e The retuning procedure comprises eight steps:

Step 1 — Eigenvalue and Step Disturbance Studies on Individual
Generator Units

Step 2 — Study of Three Base Cases
Step 3 — Coordinated Design of TCSCs and PSSs

Step 4 — Robustness Assessment of the PSS and TCSC Designs for
Multiple Scenarios

Step 5 — Benchmarking Small Signal and Transient Stability Results
Step 6 — Transient Stability Simulations
Step 7 — Stabilizer Commissioning, Retuning and Power Plant Tests

Step 8 — Power System Oscillation Monitoring
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Excitiing the North-South Mode tihe Most

e Simultaneous disturbances of opposite polarities applied to North and
South generators

e Monitor the magnitude of power transients in the North-South tie

Bode Diagram
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Step Responses

e Step responses of major system generators for scenario R (1000MW
N/NE -> S/SE) with existing PSSs and without TCSC stabilizer

Step Responses
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Mode-Shape for North-South Inter-Area Mode

e Mode-Shape for North-South inter-area mode (A = -0.034 +j 1.079)

Itaipu 50 Hz

South-Southeast 1 North-Northeast
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llgamlhmg tj&@ Most Effective PSS Locations Based on Transfer
unction Residues

e The residue ranking list of transfer functions Aw'(L)/AV, ¢ (1),
/=1, ..., Ng helps locating the most effective generators for installing

or retuning existing PSS for damping the inter-area mode
A =-0.034 +£j 1.079
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——____
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PSS Tuning and Coordination for Damping Several Dominaint
Modes

e Dominant pole spectrum for Am(S)/AV,(s) at Xingé power plant. The
complex vectors are the transfer function residues associated with the
various poles. The residue magnitudes were made larger than actual

for readability
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PSS Tuning and Coordination for Damping Several Dominaint
Modes

Bode Plot
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PSS Tuning and Coordination for Damping Several Dominaint
Modes

e This PSS tuning causes the original residues shown in to be rotated
and amplified as indicated in the figure below

e Dominant pole spectrum and residues for the open-loop transfer
function PSS(s).Am(S)/AV,(s). These residues correspond to the first-
order estimate for the Root-Locus plot, as the PSS gain at Xingoé power
plant is raised from zero to 20 pu/pu.
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PSS Tuning and Coordination for Damping Several Dominaint
Modes

e First-Order estimate of the Root-Contour plot as the gains of stabilizers
at Xingo, Paulo Afonso IV and Itaparica are raised from zero to 20

pu/pu
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Examples of Root-Locus for Large System Models

e Root-Contour plot as the gains of the PSSs at Xingd, Paulo Afonso IV
and Itaparica are raised from zero to 25 pu/pu
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Examples of Root-Locus for Large System Models

e Locus of North-South mode following changes in the PSS gains at
Xingo, Paulo Afonso IV and Itaparica power plants
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Examples of Full Eigensolution for Large Systems

e Eigenvalue spectrum of the North-South Brazilian interconnection with
existing PSSs and without TCSCs (1,700 state variables). The chosen
scenario is not critical
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Examples of Full Eigensolution for Large Systems

e Eigenvalue spectrum for the North-South Brazilian interconnection in
the absence of Power System Stabilizers and TCSC damping controllers
(1,300 State Variables)
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Example of Macro Functions Results for Various System
Scenarios

e Location of North-South Mode, considering 19 scenarios, with and
without stabilizers at Xingd, Paulo Afonso IV and Itaparica power plants
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Example of Macro Functions Results for Various System)

Scenarios

e Location of North-South Mode, considering 19 scenarios, with existing
and proposed stabilizers at Xingd, Paulo Afonso IV and Itaparica power

plants
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Benchmarking Small-Signal and Transient: Stability Results

e Comparison of small signal and transient stability program responses
for a small disturbance. System model with proposed PSSs in Paulo
Afonso IV and Xing6 power plants (100 MVA base)
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Example of Transient Stability Simulation.

e Active power flow transients in the North-South intertie, after a fault
with subsequent line reclosure
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Conclusions

e Modified PSSs at 3 power plants plus the TCSCs provide an adequate
level of redundancy in the damping sources to the critical North-South
mode

e Advanced linear analysis software was instrumental to the success of
the damping analysis and control study

e Very low-frequency inter-area modes call for a tighter damping criteria
(& = 15%)

e GEP-based PSS tuning can be difficult sometimes
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Example of Macro Functions Results for Various System
Scenarios

e Location of three major inter-area modes for 64 N-1 contingencies in
the Argentinean interconnected system
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GEP(s) Phase Diagrams
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Phase Diagrams for GEP(S) and PSS(S)
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