




FURNAS Centrais Eletricas S.A. 
• Mix private/state-owned company 

established on February 28, 1957

• 65 Substations  (120.000MVA  - transformation capacity)

• 17 hydroelectric power plants, 2 conventional thermal 
power plants and 3 Wind farms (16.000 MW)

• 24.000 km of transmission lines 

• 40% of Brazil energy pass through FURNAS system



ITAIPU transmission system:

• 4 substations

HVDC system

• 3 circuits

765kV

• 800 km

• +/- 600kV
• 2 Bipoles (2 converters per pole)
• 6300MW

• 800km



FURNAS Centrais Eletricas S.A. 

Examples of partnership:

• UHE Santo Antonio (Rio Madeira) – 3150 MW 

• Belo Monte Transmission system :
Bipole 1 of the HVDC link  (+/- 800kV, 4000MW, 2000km)

• Rio Madeira Transmission system: 
Bipole 2 of the HVDC link  ( +/- 600kV, 3150 MW, 2400km)







First Contact with Real Time Simulation:

TNA (scale down model of the FURNAS HVDC 
sytem) conected to real controls

FURNAS has considered the simulator an
important tool for support the operation

Latter on FURNAS has realized that
the AC representation at the inverter 

bus should be enhanced





HVDC Studies Supporting System Operation 

Hardware & Software Tests:
• Digitalization of Analog functions

• Redundancy scheme for the CCA (Current Control Amplifier)

• New Software versions

System Performance:
• Event modeling and analysis

• Comutation failure evaluation
• Paraguai 500kV system analysis



Protection System Testing 

Real Time Tests:

• Pre and Post FAT Real Time Tests 

• Outage Analysis

• Outsorcing testing (FURNAS hired to perform Real Time Test) 

• Protection compatibility and Firmware upgrade analysis

• New Setup evaluation





Protection System Testing 
Script Files: Batch Mode and Automatic Testing Result



765kV Outage Analysis:





Power Outage:

• 765kV: 5.564 MW
• HVDC System: 5.329 MW (Blocking of 2 Bipoles)

• Total Power outage: 24.400MW
(40% of the Brazilian Transmission System)



Reactor C3 currents (COMTRADE File) 

1500 A (Peak)



Low Pass Filter (30Hz)











Real Protection Testing using the RTDS
Real Current of the event applied to the protection (COMTRADE) 

RTDS Reactor current applied to the protection 

Protection TRIP

Protection DID NOT TRIP!

RTDS Reactor current  + 3% gain 

Protection TRIP!





New Digital Protection Testing using the RTDS

COMTRADE current of the event applied to the protection 

RTDS Reactor current applied to the protection 

Protection DID NOT TRIP

Protection TRIP only after a 200% gain applied!

Protection DID NOT TRIP



Recommendations of the Agency:

Instalation of Booster Shed to enhanced the insulation 

The Brazilian ISO must increase the priority 
for the upgrade of the 765kV protections



• Real Time tests are useful for support system operation 

• Hardware Replicas for controllers and Protection Spares 
has a important role  for  system operation analysis

More realistic analysis

Operators training on real situations

Aditional Spare Set for emergency

• FURNAS Operation Staff realize that is important to 
include the supply of hardware replicas for FACTS 
devices ( HVDC and SVC)
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