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Issues
• Hardware-software co-design
• Device placement and control

– Decentralized
– Steady-state
– Dynamic

• Cyber security
• Reliability
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FACTS Power System Model
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First Decomposition
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Simulated Power Transmission System

Simulation Engine Hardware in the Loop
Line

33
32

31 30

35

80

78

7
479
6
6 7

5

77

7672

82
81

86
83

84 85

156 157 161162

vv

167
165

158159
155
44

45160

166

163

5 11

6

8

9

1817

4
3

7

14

12 13

138139

15

19

16

112

114

115

118

119

103

107
108

110

102

104

109

142

37
6463

56
153 145151

152
13649

48
47

146154

150149

143

4243

141
140

50

57

230 kV
345 kV
500 kV

36

69

Simulation 
Engine 

(multiprocessor)

UPFC

UPFCUPFC

Machine 1

D/A output

A/D input

UPFC 1

Programmable load

Machine 2

Machine 3

Power System 
Simulation Engine

Programmable load

Programmable load

UPFC 2 

UPFC 3

D/A output

A/D input

D/A output

A/D input



FACTS Interaction Laboratory
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Manual power flow 
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IEEE 118 Bus Test System



Manual Power Flow Control
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Closed-loop long term control

• Which setting yield 
the lowest PI over all 
possible 
contingencies?
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Manual power flow 
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IEEE 118 Bus Test System
Fault then line outage 37-39
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Simulation of cascading failure
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Comparison

mode A(i) B(i) ω(i) mode A(i) B(i) ω(i)

1 0.02 0 13.05 1 0.02 0 13.04
2 0.05 0 6.55 2 0.07 0 6.54
3 0.02 -0.14 6.08
4 0.04 0 6.1
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experimental simulation
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GUIs for HIL
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