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Brazilian ISO
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Transmission System
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Energy Matrix

Total 174 GW

2% 2% 1% 0%
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Wind
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Biomass

m Solar

m Qil

m Coal

m Nuclear

m Others



PMU Deployment
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1000 PMUs
6000 phasors at 60 fps
10000 Digitals



CC-PMS - Layout

CC-PMS
BSB

CNOS
COSR-NCO

qr
bl
\&

COSR-SE

SCS - Supervision & Control System (4 sites)

CNOS - National Control Center

COSR-NCO - North Central-West Regional Control Center
COSR-NE - Northeast Regional Control Center

COSR-SE - Southeast Regional Control Center

COSR-S - South Regional Control Center

CC-PMS CC-PMS
RIO BSB

| Agent / Utility | jiir

PMU SPDC PMU

CORPUS

=

OP - Operation Production

CORPUS - Corporate User System
SSH - System Staging & Homologation
ADOT - Application Development &

Operator Training

Real Time
Alarm Management

Composite Alarms
Oscillation Monitoring

F, V&I, Power Flow Monitoring
System Disturbance

Islanding & Restoration
Dynamic Stability Assessment

Offline

User Calculations

Spectral, Modal & Event Analysis
Reporting capability

Training Environment

Historical Event Storage



CC-PMS - Simulator Characteristics

Special characteristics:

Real Time Offline historian
Applications Applications
Simulator engine
SCADA Vision &
Gateway Webserver
PDC

Lod Agent / Utility '

SPDC

Simulator — generates current and voltage phasors based on fully
electromechanical models. These phasors are sent to PDCs at a
rate of 60 ftp using the IEEE C37.118 protocol and then sent to be
consumed by applications in real time and offline. The simulator
allows you to do:

» Start / stop the simulation

» Changing generation & load

» Open & close equipment's (LT/ TR/SC/EC/RE/CA)

» Separate & reconnect bus bars

» Generate errors in loads and phasor measurements

The dynamic models are the same as those used by the planning
and engineering teams and benefit from the evolutions made in
the database of dynamic models by these teams.

Supported models: hydraulic generators, wind generators,
thermal units, HVDC, different load models, protection schemes.
All lines and transformers receive standard protection
automatically (zone protection, bus protection, etc.)



Simulator

% File Run Controls Window Help - 8 x
GENERATOR TERMINAL VOLTAGES Diagrams Viclations  Measurement Filter:
Substations | Detals Generator |SVC | LTC | Branch | Protection | Switches | Volts | DC Link | PMU |
Name Gen Bus Volt Angle MW Mvar ~
10 0.968 1.10 655.60 928
RJUTN225GD2 |11 0.965 145 1350.34 -40.67
SPUSLB-2GR |12 0.988 474 259.13 13492
SPUSLB13PGD3Q 13 0.969 856 0.04 -104.44
RJUSFL-2GR 14 1.003 840 94,50 367
MGUSF-6GR 16 0372 £50 719.25 -351.81
MGUSIM-4GR |18 0.983 721 884.17 -356.14
MGLUSIM13PGDEQ |19 0987 200 007 8879
MGUSMR-5GR |20 1.044 103 562.95 -268.40
MTUSMS-2GR |21 0.963 184 4176 3873
MGUSMM—-4GR |22 1.020 643 150.43 72
MGUSMM-3GR |24 0.997 737 78.91 5758
" Var 15 - Var 2: N MGUSCL-3GR 128 1.0 26.12 158.02 4159
RJUSSC-2GR |32 0.989 562 31822 11.36
Volt at RIUTN119G01
GOUSCB-3GR (35 0.962 973 243.10 7472
18.422 v
<| m >
18.411 : — = -
- Alarms: |Pnnnty1 IPriorityz IPnorltyS IV =
18.400 Date & Time Equipament Signal Descr ~
18.389 Simulation started
4/7/2022 11:18 AM PROTFUNC-53-RE2PNO Open (AL) Operai
18378 o e e 4/7/2022 11:18 AM PROTFUNC59-RBISTA Open (AL) Operal
02:52:42 53:42 54:42 5542 56142 5742 5842 59:42 0042 0142 02:42 A 118 A P ————— Open (A1) Operst
Freq at RJUTN119G01 4/7/2022 11:21 AM PROTFUNC-51-8910 Trip Operal
60.044 4/7/2022 11:21 AM ESUTEV_345_TR103 Open (AL) Open
60.020 4/7/2022 11:21 AM ESUTEV_345_TR102 Open (AL) Open [,
<| n >
59.9965
Mismatch(13432.0260s)>> SVC . ID:10, Bus1: 389 ,Bus2: 0 ,Pos: 2: 2:14677 ~
50.072 Mismatch(13433.0760s)>> SVC . ID:10, Bus1: 389 ,Bus2: 0 ,Pos: 2: 2:14677
: Mismatch(13433.9260s)>> SVC , ID:10, Bus1: 389 ,Bus2: 0 ,Pos: 2: 214677
Mismatch(13434 8260s)>> SVC . ID:10, Bus1: 389 ,Bus2: 0 ,Pos: 2: 2:14677
59.948 . . . . . . . . . . Mismatch(13435.8760s)>> SVC . ID:10, Bus1: 389 ,Bus2: 0 .Pos: 2: 2:14677 L]
02:52:42 53142 54:42 5542 56142 5742 5842 5942 0042 0142 02:42 Memcich{13435.8260ep> SVC , 10:10, Busl: 389 B2 @ . Poxc 2 204677

Sim. Time: 13436.88 Real Time:13434,95 diff:1.931s

Phasors TX:Normal

HPPA GE-ONS Simulation on

[ &l s
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Simulator

sl File Run Controls Window Help -

GENERATOR TERMINAL VOLTAGES Diagrams Violations : Measurement Filter:
Substations | Details Generator |SVC | LTC | Branch | Protection | Switches | Votts | DC Link | PMU |
Name Gen Bus Volt Angle Mw Mvar
10 0.968 146 655.31 565
RJUTN225G0Z |11 0964 186 1249.78 4818
SPUSLB-2GR 12 0.988 433 25963 -134.48
SPUSLB13PGO3n |13 0.969 -3.16 0.04 -104.30
94.70 3.00
721.45 -349.99
88620 -355.94
Event _ Name From Bus To Bus ID 0.07 -89.66
Apply Thine 3Ffauk | AMJT_230_LTAMLEC_3 | 8511.0 8700.0 03 |0 564.20 -270.46
o 33 Open transmission line | AMJT_230_LTAMLEC_3 |8511.0 8700.0 03 |0 4182 4277
Load shedding AMJT-13850P 3 02 0 100 150.74 -36.42
79.13 58.87
C Varl: > Var2: 19844 98.53
31879 2408
Volt at RIUTN119G01
24369 7399
18.422
|
18.412
18.402 o
18.392
Opi
18382 ) ) . , , , , Opt
08:28:40 29:40 3040 31:40 32:40 3340 34:40 3540 [0
Freg at RIUTN119G01 4/8/2022 8:27 PM PROTFUNC-51-8910 Trip Opt
60.043 4/8/2022 8:27PM ESUTEV_345_TR103 Open (AL) Opi
60.010 4/8/2022 827 PM ESUTEV_345_TR102 ‘Open (AL) Opt
<| [
59.995
Mismatch( 839.6874s)>> SVC , ID:10, Bus1: 389 ,Bus2: 0 ,Pos: 2: 2:14677
50971 Mismatch( 840.5374s)>> SVC , ID:10, Bus1: 389 ,Bus2: 0 ,Pos: 2: 2:14677
’ Mismatch( 841.4874s)>> SVC |, ID:10, Bus1: 389 .Bus2: 0 ,Pos: 2: 2:14677
conim A Mismatch( 842 6374s)>> SVC . ID:10. Bus1: 388 BusZ: 0 . Pos: 20 2114677

11



CC-PMS - Simulator Characteristics

Real time Environment — What was
observed by a PMU near the problem

Simple to use - get a pre fault base case from State
Estimator, started a simulation with it and do the
actions to generate the disturbance.

Simulator — What was observed by
the same PMU

59,92 Hz
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Arthur Mouco, Ph.D.
Senior Power Systems Engineer

Hector Volskis
Power Systems Specialist

Janio Los
Senior Power Systems Engineer
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Thank You!

Questions?
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