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TCSC Introduction and its capability
on SSR Mitigation
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500 kV TCSC
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TCSC

Single Line Diagram
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TCSC

Operational objectives
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= Thyristor Controlled Series Compensations (TCSC)

= Subsynchronous resonance (SSR) mitigation,
- Power oscillation damping,

= Transient stability

= Current (power flow) control,

= Voltage control (reactance control),

- Phase balancing control



TCSC
Main components

- Capacitor bank:
compensation degree given by the customer

= MOV:
study performed as a FSC

- Reactor:
determined by the factor 4

1=20 1= [5C
wN XL

- A can be between 2 and 4. Typical values: 2.5 and 3.5

- Thyristor valves:
Number of thyrstors is mainly a function of the capacitor
voltage at triggering instant and protective level
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TCSC
Steady state operation

= Currents in TCSC circuit
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TCSC Operation
Blocked mode
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TCSC Operation
Capacitive (boost or Vernier) mode
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TCSC Operation

Capacitive (boost or Vernier) mode
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Operation in CAP mode
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Steady state relation between firing angle and kB
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Typical operating range for POD
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Typical operating range for SSR mitigation
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TCSC Control
Synchronous Voltage Reversal
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Synchronous Voltage Reversal
Thyristor action

Capacitor wltage: xC= 20.0 ohms, fN= 50 Hz, iL= 1.5 kA, uZ= -10 kV
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Equivalent instantaneous voltage reversal
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|dealized steady-state voltage
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Boost control
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Outline TCSC control
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Apparent impedance
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Apparent impedance for FSC and TCSC

fixed series capacitor
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10 Hz current in a fixed SC
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10 Hz currentin a TCSC

TCSC disturbed operation iL=1000A(50Hz)+100A(10Hz)
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SVR apparent subsynchronous impedance
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10.0 Hz
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50.0 Hz fSub= 2.0 Hz

20.0 ohms, fN

xC

SVR apparent subsynchronous impedance
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SVR apparent subsynchronous impedance
5 Hz
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10.0 Hz

50.0 Hz fSub=

SVR apparent subsynchronous impedance
10 Hz
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TCSC impedance characteristics
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SSR Mitigation Example
TCSC

- Screening Studies
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SSR Mitigation Example
TCSC

= RTDS Tests
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SSR Mitigation Example
TCSC

= RTDS Tests

.

S1:Mode 5 CAP FAT, S2:Mode 5 BLK FAT

\MM

N

A

&

Electrical damping [torque pu/ speed pu]
Electrical damping [torque pu/ speed pu]

&

15 20 25 30 35 40 45 50
Mechanical frequency [Hz]
Mechanical frequency [Hz]

© ABB Group
November 28, 2016 | Slide 35




SSR Mitigation Example
TCSC and FSC

= RTDS Tests
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SSR Mitigation Example
TCSC and FSC

= RTDS Tests
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