548 45 5 7 RN ERBEY D EH Vol.48 No.7
20204 H 1 H Power System Protection and Control Apr. 1, 2020

DOI: 10.19783/j.cnki.pspc.190582

ET 5 BTk B shall B9 B EK B ) % 50 S BE = 1l 4 e

F B, £ #, &
(LAAZKRFOAE g T2%E, LA 58 266590

TE: D TR 7 "L S R SR, 3R T PRI TS G A SR TIPS B g 5 il
O, MR TR L R H 2 AN AR 0 DX PR B 2B, 25 R DX I (B AR ELE ), 57 T R O
IHLI LI A o B R . LK, 5 A DX I PR PR AN [l W e BE X R R P A, 4R T —Fh 2 X
2 b B Bl RIS . n . DUIEEELS 9 sl RGN 5 LA, RSB A S HUBRLIEAT 5 FL i
PIEL, 535 NI AT R IR T 2 10 3 AN 7 TS Uk T PR i A 2 e DRl 5 St P R UL, R T
Fpr BATICNE . (5 RARYT: PN SRS & X IR s AT L, S BRI PEIX IR R Sc b R/ B, T &b
RS DX 3 L D A L XS

REEIR: HICALPY; EDGREE; FTOCR AL EEEIEE;

A control measure for interconnection power grid cascading failure based on
heterogeneous cellular automata

YU Qun, WANG Qi, CAO Na
(College of Electrical Engineering and Automation, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: To reduce the scale and frequency of blackouts in interconnected power grid, a control measure for
interconnection power grid cascading failure based on heterogeneous cellular automata is proposed. Firstly, according to the
fact that the interconnected power grid is composed of multiple regional power grids with different characteristics, and
considering the interactions among regional power grids, the interconnection grid cascading failure model based on
heterogeneous cellular automata is constructed. Then, considering the characteristics of each regional power grid and the
interregional coordination relationship in different fault stages, a power flow control measure is proposed. Finally, taking
IEEE118 node system as simulation case, the heterogeneous cellular automaton model is used to simulate the power failure.
The effectiveness of the control measure is verified from the power law distribution and fault time series respectively, then its
superiority is demonstrated by comparing it with other control measures. The simulation results show that the dispatcher can
effectively reduce the blackout risk of regional power grids by reasonably selecting the interregional support coefficient
according to the operation conditions of regional power girds.
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Fig. 1 Heterogeneous cellular automata
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Table 1 Overall standard indicator in different conditions

for each regional power grid
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regional grid before and after the control measures are adopted
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Table 6 Comparison of regional risk in different

operating environments
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Table 7 Comparison of regional risk under different disturbances
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Table 9 Comparison of regional risk under different support

coefficients (support coefficients for each region are same)
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Table 10 Comparison of regional risk under different support
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Table 1 Comparison of regional risk for different control measures
X bt T%E1 T%2 T3 Ji% 4
VaR CVaR VaR CVaR VaR CVaR VaR CVaR
A, 0.22 0.18 0.18 0.15 0.16 0.142 0.11 0.08
Xk 1 0.72 0.61 0.61 0.537 0.58 0.524 0.54 0.466
X1k 2 0.7 0.58 0.61 0.548 0.58 0.524 0.52 0.446
X1k 3 0.39 0.28 0.3 0.255 0.27 0.248 0.24 0.196
Misk 2 FRENSITIME XXt
Table 2 Comparison of regional risk in different operating environments
et B AR I X3 1 X 2 X3 3
VaR CvaR VaR CvaR VaR CvaR VaR CvaR
AN 0.22 0.193 0.72 0.654 0.7 0.622 0.39 0.38
ER RS
N 0.133 0.116 0.55 0.5 0.547 0.469 0.25 0.246
T A A AN 0.26 0.232 0.83 0.744 0.76 0.702 0.43 0.425
BHRA
A 0.16 0.142 0.64 0.57 0.58 0.518 0.252 0.249
Mz 3 AR XML
Table 3 Comparison of regional risk under different disturbances
oz P AR X Sk X3 1 X3 2 X 3
VaR CvaR VaR CvaR VaR CvaR VaR CvaR
- AR 0.22 0.193 0.72 0.654 0.7 0.622 0.39 0.38
/NLE)
YN 0.133 0.116 0.55 0.5 0.547 0.469 0.25 0.246
- A 0.25 0.22 0.76 0.707 0.78 0.747 0.4 0.406
Ksh
TN 0.152 0.135 0.59 0.55 0.63 0.604 0.256 0.258
Mz 4 TREIZHEEZLEE XL
Table 4 Comparison of risk under different aging degrees of lines
E AT S A, Xk 1 X4, 2 X5k 3
VaR CvaR VaR CvaR VaR CvaR VaR CvaR
5 4E A 0.22 0.193 0.72 0.654 0.7 0.622 0.39 0.38
YN 0.133 0.116 0.55 0.5 0.547 0.469 0.25 0.246
25 4 AR 0.256 0.226 0.79 0.73 0.74 0.68 0.41 0.407
IS 0.15 0.132 0.62 0.564 0.58 0.512 0.252 0.25
Mizk 5 AR SCiE ZEXIE R X (& X g X & ZHUHEE)
Table 5 Comparison of regional risk under different support coefficients (support coefficients for each region are same)
SRR AKX I X3 1 X3 2 X3 3
VaR CVaR VaR CVaR VaR CVaR VaR CVaR
0 0.16 0.142 0.6 0.524 0.59 0.59 0.27 0.261
0.1 0.152 0.135 0.58 0.515 0.57 0.515 0.263 0.254
0.2 0.14 0.124 0.56 0.507 0.553 0.502 0.26 0.242
0.3 0.133 0.116 0.55 0.5 0.547 0.469 0.25 0.246
0.4 0.12 0.105 0.546 0.485 0.522 0.447 0.246 0.217
0.5 0.11 0.08 0.54 0.466 0.52 0.446 0.24 0.196
0.6 0.103 0.08 0.542 0.467 0.518 0.443 0.241 0.196
0.7 0.1 0.078 0.546 0.475 0.51 0.437 0.243 0.199
0.8 0.099 0.077 0.548 0.477 0.506 0.433 0.246 0.205
0.9 0.097 0.075 0.55 0.479 0.5 0.423 0.248 0.208
1 0.096 0.074 0.551 0.48 0.496 0.419 0.248 0.208
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Table 6 Comparison of regional risk under different support coefficients (support coefficients for each region are different)

A, X3 1 X35 2 X8 3
P VaR CVaR VaR CVaR VaR CVaR VaR CVaR
0.3 0.16 0.142 0.64 0.574 0.58 0.532 0.252 0.25
0.4 0.153 0.136 0.62 0.55 0.573 0.526 0.24 0.237
0.5 0.14 0.124 0.591 0.528 0.566 0.52 0.236 0.233
0.6 0.136 0.12 0.57 0.509 0.553 0.508 0.233 0.23
0.7 0.133 0.117 0.556 0.496 0.55 0.505 0.237 0.234
0.8 0.106 0.09 0.543 0.484 0.546 0.501 0.242 0.239
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