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VSC based FACTS Control System Structure and  
Convertible Static Compensator (CSC) Control System p ( ) y
Overview

CSC Configurations and Control Modesg

Control boards

FACTS Simulator (TNA) testing and Control HIL 
(Hardware-in-the-loop) control testing

Control system upgrade plan

Other potential FACTS sites – AEP TVA KEPCO
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Other potential FACTS sites AEP, TVA, KEPCO, 
PG&E, SMI/CMC steel



Convertible Static Compensator (CSC) - Marcy Substation
FACTS

Increase power 
transfer by 
total of 240MW 
by CSC
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Convertible Static Compensator (CSC) - Marcy Substation
FACTS
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Convertible Static Compensator (CSC) - Marcy Substation
FACTS

The inverters 
can operate 
independently p y
or together 
with the DC 
bus switch 
closed

CSC has 11 
configurations

• STATCOM

• SSSC

• UPFC

• IPFC 
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On the fly 
transitions



Convertible Static Compensator (CSC) - Marcy 
Substation

FACTS
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Convertible Static Compensator (CSC) Inverter 
Hall

FACTS
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Objectives 

FACTS Control System – upgrade
8 VSC FACTS sites – 1 NYPA, 1 TVA, 3 AEP, 1 , , ,

PG&E, 1 KEPCO, 1 SMI/CMC steel
Control system upgrade to a commercial controls 

platform Life extension of these FACTS projectsplatform - Life extension of these FACTS projects
Migration and validation of existing controls on a standard 

simulator (RTDS) platform( ) p

Development of RTDS Simulator (TNA) for any FACTS p ( ) y
controls and Control HIL (Hardware-in-the-loop) testing

Provide platform for evaluation of FACTS 
controllers for system study and planning tool
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controllers for system study and planning tool 
Development, upgrade and testing of HMI tool



7TH FACTS User‘s Group Meeting, Austin, TX, Nov. 3-5, 2004    
9NYPA CSC Controls Provide Different Modes For 

Each Power Circuit Configuration
FACTS
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Central Controls Comm. with 
VSC Poles

O ti l Fib
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Optical Fibers



FACTS Controls Upgrade Plan

Phase I: Develop a RTDS based digital TNA 
simulator for a variety of VSC-based FACTS 
controller platforms The NYPA CSC system will becontroller platforms.  The NYPA CSC system will be 
used to test the simulator. 

Develop PSCAD based detailed simulation of the p
ac system, VSC converter topology, controls 
(exacting as implemented in the field)

Include VSC and system level protection, 
switchyard devices with open/close timingy p g

Verify developed model with commissioning test 
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y p g
results and TNA test results



FACTS Controls Upgrade Plan

Phase II: RTDS hardware and CSC system and 
controller setup on the RTDS simulator system

Verification of the FACTS controller models on the 
RTDS system results with TNA results and CSC 
commissioning test resultsg
Evaluation of the possible interface of the HMI 
“Genesis” with the CSC system on RTDS

Phase III: Control system upgrade to a commercial 
controls platformcontrols platform

To provide a testbed for hardware-in-the-loop 
(HIL) testing and verification of a commercial 

Future Renewable Electric Energy Delivery and Management Systems Center
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( ) g
vendor control system for CSC/FACTS system



Control TNA Studies

Thoroughly test and 
validate control system 

Steady stateSteady state 
characteristics
Response to control set 
point changes
Behavior during system 
transients
Protective functions

11 possible equipment11 possible equipment 
configurations
Various inverter control  
modes in each 
configuration
Different fault 
types/locations
‘P k’ d ‘li ht’ t
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‘Peak’ and ‘light’ system 
load conditions



TNA NYPA CSC TNA Model

Inverter models Actual control boards

Transformer 
models Operator 

Interface
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TNA NYPA CSC TNA Model
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TNA NYPA CSC STATCOM 
response to line-GND faultresponse to line GND fault
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NYPA CSC Converter Waveform 
Analysis with MATLABy

Line to 
Phase A 
Conv 1 

Construction of 
48 pulse voltage 
based on NYPA

line 
voltage

based on NYPA 
converters 
concept in 
MATLAB.
(the voltage

Phase A 
Conv 2

(the voltage 
amplitude is not 
the same as 
NYPA and only 
wave

Phase A 
Conv 3

wave 
construction has 
been 
considered.) Phase 

voltage
Phase A 
Conv 4
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CSC Converter System performance in PSCAD

48 pulse 
Line to 

line 
VoltageVoltage

48 pulse48 pulse 
Phase to 
neutral 
Voltage
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CSC Converter System in RSCAD / RTDS
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24-pulse STATCOM in RSCAD / 
RTDSS

Converter

System
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Angle control (Iq control) STATCOM 
in RSCAD / RTDS
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STATCOM with Angle Control 
Results in RTDS

Iq: 0 pu → 0.8 pu Iq: 0 pu → -0.8 pu
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STATCOM with Angle Control 
Results in RTDS

Iq: -0.8 pu → 0.8 pu Iq: 0.8 pu → -0.8 pu
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Instantaneous PLL (IPLL) in RTDS

IPLL based on instantaneous voltage

IPLL i RTDSIPLL in RTDS
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STATCOM w/ SLG fault in RTDS
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CSC Converter System RSCAD and PSCAD results

STATCOM performance when 40 MVAr
reactive power is injected to the bus

Injected reactive power to the bus and 
reference reactive power simulated by 
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26

PSCAD



Controller performance in PSCAD and RSCAD

Injected reactive 
power to the bus

Injected reactive 
t th bpower to the bus 

after flipping the 
switch from 0.4pu to 

-0.4pu.

power to the bus 
after flipping the 

switch from -0.4 pu
to 0.4pu.
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Comparison between Field and RSCAD results
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UPFC on UNS
Comparison of field test & simulationp
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Thanks!Thanks!
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CSC  345 kV,  100 MVA 
Series  Transformer
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CSC  345 kV,  200 MVA 
Shunt TransformerShunt  Transformer
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