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41 B TCSCEBAMEMSHITELER

HR AR 17 A 1) JC 38 17 0T S PR A AR S5 il
BT 24 h % TCSC & #% IR S % & d & oot |
i I 657 R % 66 1) S R R A B (R 259K 5

a. 24 h N Gy S A Bl ] 28 4 | 78 R [R] R 45
Tt R TT & TCSC £ % 1 23:00 — 24:00
BLRIRSRER IR 4 PR,

b. 24 h P far 2K S AS Bif B[] A8 4k | &R 42 B &R
R 1.0, 7% TCSC 26 B A AN [R] st B 14 R 75 48 %6 an %
5 FiR,

c. 24 h PN B fuf KT Bt s ] 28 £k 3% TCSC 4R %
T [A) s B IR S ARk 6 TR

Y2 4 FIN 4 H65 50  o3R  2 71o7 28 501 1
s, L H S far RBOE E 1.1 LR R
1T TCSC A5 e (0 e B 35 hn 7 26 B e e e il
& 5 NTHL LR I R R B A R30I S 2 1 R A

Rz 4 & TCSC & BEFE 23:00—24:00 A HOIR AL

Tab.4 State probability of transmission line with

TCSC from 23:00 to 24:00

Hjt A ﬁzl ;r%j g‘ )3%[ PIA,'I' PI/L'I' PUL'I‘ Ql.,'l‘
1 0.60 097613  4.86x107 0.01479  0.00908
2 0.70 097613  4.86x107 0.01479  0.00908
3 0.80 097613  4.86x107 0.01479  0.00908
4 0.90  0.97348  4.84x107 0.01475 0.01177
5 1.00  0.96070 0.000 01 0.01455 0.02474
6 1.10 0 0 0.93758 0.06242

R5 B TCSCHBESTRKEREEG THRSHE
Tab.5 State probability of transmission line with TCSC
when load level is constant

oy B TR Py Py Py Qur
02:00—03:00 1 0.97729 2.52x107 0.01481 0.00790
06:00—07:00 1 0.97335 6.24x107% 0.01475 0.01190
10:00—11:00 1 0.97214 6.19x107® 0.01473 0.01313
14:00—15:00 1 0.97100 6.19x10°* 0.01471 0.01428
18:00—19:00 1 0.97001 6.10x10°% 0.01470 0.01530
22:00—23:00 1 0.96834 5.09x107% 0.01467 0.01699
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Tab.6 State probability of transmission line with TCSC
when load level changes

E‘JA ﬁ ﬁﬁ%ﬁ Pll.','l‘ PI,L'I' PID,'I' Ql.,'l‘
02:00—03:00  0.60 0.97965 4.87x107 0.01484 0.00551
06:00—07:00  0.74 0.97897 4.87x107 0.01483 0.00619
10:00—11:00  0.96 0.97820 4.87x107 0.01482 0.00697
14:00—15:00  0.93 097744 4.86x107 0.01481 0.00775
18:00—19:00  1.00 0.97655 4.86x107 0.01480 0.00865
22:00—23:00  0.73 0.97585 4.85x107 0.01478 0.00937
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(14 PR N A 3B DA B R AN TR AR L
*7 ARIEEAFTTHERES LOLP
Tab.7 System LOLP for different peak loads
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Fig.11 Curves of system LOLP vs. time
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Fig.12 Curves of system EENS vs. time

AR =y N N R W 5 = T T A N 1
Faf 7K RIS 9 R G KBS F8 4% . 7E 09:00—20:00 B Bt
HAR A7 faf K AR AR /N (2R G5 UK 48 s Bl Asf 1] 234
NS FEEH R %R TCSC 5, RGN 55t
B AT B /0N | B g K OF 8RB (09:00 —20:00)
JUHB R X IR A TCSC 8 1 98 45 ) Ui 2% ff
Ty EE g AR 2R G TP I R IR S B B
S R 2 ) B e R E N . BRI TCSC fig

18:00

WA AR 67 o 1T 438/ % LOLP, LOLP, ALOLP
90 0.0099295  0.0025358  0.0073937
95 0.0116198  0.0035788  0.0080410
100 0.0326391  0.0241186  0.0085205
105 0.0646002  0.0465813  0.0180189
110 0.0903613  0.0524899  0.0378714
115 0.1273652  0.0988088  0.0285564

&8 AEIEERET TR EENS
Tab.8 System EENS for different peak loads

U {971 o EENS,/ EENS,/ AEENS/
HH8/%  (MW-h-h™")  (MW-h-h™") (MW-h-h™")
90 0.18593 0.04505 0.14088
95 0.25609 0.05249 0.203 60
100 0.49066 0.19312 0.29754
105 0.87932 0.38325 0.49607
110 1.73243 0.81379 0.91864
115 3.09395 1.40659 1.68736

m % 7 AT 2 R GR(E s 5 B0 115%,
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4t 24 h WA FE bR, 510 18:00—19:00 B BX 1) R 48
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Tab.9 System risk index for different line
equivalent service times

FRRA S H] / a LOLP EENS/(MW-h-h™)
5 0.0213239 0.13869
30 0.0214660 0.14013
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Fig.13 EENS curves of system without TCSC
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Operating risk assessment model of power grid with TCSC

ZHAO Yuan',QIU Yuliang',SU Xiaolan?
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University , Chongqing 400044, China;2. Urban Power Supply Branch Company of
Chongging Electric Power Corporation,Chongqing 400013, China)

Abstract: The structure and fault mode of TCSC (Thyristor Controlled Series Capacitor) are analyzed,
the reliability block diagram is constructed for TCSC and its submodules,and the reliability of submodule
with  redundant component configuration is discussed. The operational characteristics of TCSC reactance
varying with current is analyzed,based on which,a line reliability model with the TCSC apparent
reactance constraint is proposed. According to the time-varying characteristics of failure rate in real-time
operating condition ,the state probability calculation formulas are deduced based on Markov theory for the
core components of TCSC and the entire lines. A conditional failure rate model is built based on the
operating risk theory,which quantitatively considers the impact of random load fluctuation,component
aging and temperature variation on the reliability of components. The reliability of RBTS test system is
calculated and analyzed,verifying the effectiveness and correctness of the proposed model.

Key words: TCSC; reliability block diagram; operational risk; real-time operating condition; models



