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Linhas de pouco mais que meio comprimento de onda (A/2*)
nao se configuram como um sistema de transmissao
estritamente ponto-a-ponto

FACTS para controle de fluxo de poténcia Derivacao de energia
em LT Meia-Onda em LT Meia-Onda

LT Meia-Onda (A/2%)

Configuragao multiterminal sem descaracterizar LT Meia-Onda
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Lines longer than half the wavelength
— voltage and current profile —
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Lines longer than half the wavelength
— transmitted active power, Py, —
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Series and shunt compensation of lines

Xy JE-1)X, : : JL
/= [2.7 = [=2. |Z=

- ¢ \/; ¢ \/n C
J(n_l)YCI IYe 0'=én-0=/&n o LC -/

capacitive series

compensation: £<1.0 PSR _ U02 sin(5)

inductive shunt \/g L Sin(\/a : @)
n

compensation: 1 < 1.0

(A/2) TMO 2013 - Campinas I aNEA WA
UFRJ 2 Power Electronics and Medium Voltage Laboratory



Analytical model of the A/2* line and the shunt FACTS positioned at ©,,,
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Power flow control as a function of
the FACTS position

series FACTS shunt FACTS
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a section of the A/2* line: active power can be derived from/to the A/2* line with
negligible influence in the main power flow (Tapping functionality)

b section of the A/2* line: reactive power compensation varies significantly the main
power flow (Power Flow Controller)
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Voltage profile along the A/2* line as a
function of the X/R ratio of the FACTS

e The FACTS is connected in the central section of the line

series FACTS shunt FACTS
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Summing up...

* The voltage profile and the transmitted power of a A/2* line are very
sensitive to a shunt FACTS located at the central section of the line.

* Aseries FACTS is very effective in controlling the main power flow
through the A/2* line when it is connected at the terminal sections of
the line.

 More than one shunt FACTS can be connected at a terminal section of
the A/2* line to configure a multiterminal arrangement (fractional
active power derivation).
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FACTS for Tapping and Power Flow Control
in Half-Wavelength Transmission Lines
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Shunt FACTS for Tapping and Power Flow Control in
Half-Wavelength Transmission Lines
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Controller of the Converter #1 of the Shunt FACTS
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Controller of the Converter #1 of the Shunt FACTS
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Controller of the Converter #2 of the Shunt FACTS
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Controller of the Converter #2 of the Shunt FACTS
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Series FACTS for Tapping and Power Flow Control in
Half-Wavelength Transmission Lines
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Controller of the Converter #1 of the Series FACTS
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Controller of the Converter #1 of the Series FACTS
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Controller of the Converter #2 of the Series FACTS
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Controller of the Converter #2 of the Series FACTS
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A shunt FACTS in the central section of the
Half-Wavelength Transmission Line

P.=2x8.0GW
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0.000

Energization of the A/2* lines with 77.5Q
pre-insertion resistors

0.019 Bypass of the pre-insertion resistors
0.030 Closing of the receiving-end
. . 1 500 Energizatilon of F.ACTlS shunt tr.ansformer with 10Q
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ystem
1.650 Energization of converter #2
Seq u e n ce of 1.700 Bypass of the pre-charging resistor
EVe nts 1.750 Firing of converte#1
2.000 Firing of convertes#2
3.000 Step-change in P from 0.0 MW to +500MW.
4.000 Step-change in Fyrpgrfrom 7.0 GW to 8.0 GW.
5.000 Step-change in By from +500.0 MW to -500MW.
7.000 Step-change in Rgs from -500.0 MW to +250MW.
8.000 Step-change in Byrpggr from 8.0 GW to 6.0 GW.
time (s)
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Transmitted Power (GW)
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Shunt FACTS:
Active power through the A/2* lines #1 and #2
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Shunt FACTS:
Active power exchange between the A/2* line
and the local ac system
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Active Power p. (MW)
Imaginary Power ;. (Mvai)
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Active and reactive power of converter #1 of
the Shunt FACTS
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Shunt FACTS:
dc-bus capacitor voltages of the NPC-Converter
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A series FACTS connected 450 km far from
the sending-end terminal
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Series FACTS simulation case
Sequence of events

t, =1.0s HVAC series tap is connected to the line
t,=1.1s The tap is connected to the local system with P, =0
_ Step change to P, = +500 (the series tap drains 500 MW
t, =3.0s P .
from the line)
t,= 5.0s The Pyrper Order changes to 8.0 GW (1.0 pu)
_ Step change to P,,, = —500 (the series tap injects 500 MW
t: =6.0s P :
into the line)
t; = 8.0s The Pgrper Changes to 6.0 GW
T,=10.0s Step change to P, = +330 (the series tap drains 330 MW

from the line)
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Series FACTS:
Active power in the A/2* line #1
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Series FACTS performing only HVAC tapping
(no power flow control in the A/2* line)
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Summing up

» Shunt FACTS is an attractive solution for main power flow
control and fractional power derivation in A/2* lines, if
connected in the central section of the line;

» Several shunt FACTS can be used to configure
multiterminal system,;

» The series FACTS is an attractive solution for main power
flow and fractional power derivation in A/2* lines, if
connected in the terminal section of the line.
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