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Power system risk assessment considering primary and secondary coupled multiple faults

ZHANG Lu!, XIONG Zhangmin®, WANG Jian®, NAN Dongliang', ZHAO Qi', XIONG Xiaofu?
(1. Electric Power Research Institute of State Grid Xinjiang Electric Power Co., Ltd., Urumqi 830011, China;
2. State Key Laboratory of Power Transmission Equipment & System Security and

New Technology, Chongqing University, Chongqing 400044, China)

Abstract: To comprehensively assess the risk of multiple faults that are due to transmission line and hidden faults in
secondary systems during severe weather, a risk assessment method for power systems considering primary and
secondary coupled multiple faults is proposed. First, the characteristics of transmission line faults caused by
meteorological disasters are analyzed, and the characteristics of primary and secondary coupled multiple faults are
summarized. Second, a primary and secondary coupled multiple fault model is established by considering the fault
probability of transmission lines and protection devices. Then, a Latin hypercube sampling method is applied to quickly
generate the initial fault set and evaluate the loss of load, node voltage out-of-limit, branch power flow out-of-limit, and
other risk indeices. Finally, the proposed method is tested using the IEEE39-node system. The results reveal that the
power system faces more serious risks when considering primary and secondary coupled multiple faults; the use of Latin
hypercube sampling allows taking into account fault probability distribution differences of transmission lines within
different meteorological subareas and improve computational efficiency; multidimensional risk ranking can effectively
screen critical lines and buses that affect power grid risk within severe weather subareas, and provide a decision basis for
power grid risk prevention and weak link management.
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Fig. 1 Schematic of protection action for primary and

secondary equipment coupled faults
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Table 1 Multiple fault probability generation method

optimized by meteorological conditions
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Fig. 7 Risk of load loss of the system in different

meteorological conditions
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Table 3 Branch power flow out-of-limit risk in different

simulation scenarios
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during disaster weather
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Table 5 EDNS screening results in different simulation scenarios

s
A a4 s R E/MW
AR ’ "
) 4-14. 3-4. 4-5, 12,
RIHEZ) Y2 1359.8
1-39. 5-6. 5-8. 6-7
EWHE  1-39. 5-8. 6-7 75| 859.8

® 6 FEMTESR THE ™ EEEIRHF TSR
Table 6 Comprehensive severe screening results

in different simulation scenarios

(7S sih
PR IE 2 Yy ~
AR Y PO e e
R 463N 5-6. 6-7. 6-11. 9-39 Y53 34.145 31
1-39, 5-6. 6-11. 7-8.
EHEE 9.30 75| 3322252

FHER 5 a5, ek i g | HE T AR &5 R,
FRERYHESN T R R T B 5, MRS
414 RAEMEE, EHimliriEsh, 51k G &R snfE
Wi L2k 3-4. 4-5, SRR T 5 AL
B B T I R 1 A H 1A 6 s DA 2 97 17 7 K
RAMIAVIGRE 2 1 5t LAERR IEH 81T . [FI
PR i 2R 4518 T RE T AL O F s 15 A, Lt
ANRGUR AL, K &R &N 1359.8 MW,
X T A FE— IR W& W 1 B Kk o i e, Uk
B RGEGIH 2 DML T, S &R
G RATTEN 859.8 MW, XFELNETIEH, £
PSR T IEH S E 5N i R e 218 S
T 58.15%, UHHTER—RAsT, thA— Ik
B NIIEBIRE, RG00  ar XU R .
WFR 6, MIZLEA ™5 FRAnHE A i ARG 45

AN, F—SREMT, RYESIE T IEE S
R R e A PR EE IR R T 2.78%.

CA B IR, 1R — RS 2 B
PRy b SUILCIE Ry 3 R PR (VL (= PN A g
FERER T R st 2 ks, HAE RS
B ERIEHOWIE, HEF o RABERIE T 58—
TR 22 EEA PR HL I XS VA R BT BT
RITIERIA N

5 Z5ip

KRICESL T B — UG 1) 2 B R XU
RORY, NI TS A, GRE TR TSR
N R R IR R SRR R S B £
O RS o SIS AT, SRR 1B RS — IS
2 T X 70 A ) AP R BT 77 925 A 8
g, R EER.

1) HET R E s i 2 ik, 256
E— IR E T RGN L BRI, RGRHN
Aip KU ORI s Al R LT, BRI
BN, FRGEERG HL R PR U A S 15 0 ATk PR X
W% i DR I W B A I A DR, T IE 3 R B LT
FAGUR IR RS 32 PRI SIS T s B

2) R I Vi DX P ) A P B R R B
KHTEA 73 RtV AL TS5 ilee A2
ZHEMPEE O T RGITH A REREIT R, M
SR RIS TIRE, A2 FRARRE A UL [R] N 42 vy 1 e
R, RIE T 2 B RERE A A .

3) I RGR M B G S HE RS S
YEFRARIEAT MR, BESAT R IR R FIE X
DAY S ) O XL 1) S B 2 B R B 2K, Dy oL IR XU [
PERN RS A VA B SR AL R SR

W A SCAT 2 E R 58 B ) A | B R
FURET H KBRS
S 3k
(1] WRE, phig, 2%k, 55 ORI “9-28”7 KiFHidH

WA AT e o E R R I W1 R4 E B, 2017,

41(13): 1-6.

ZENG Hui, SUN Feng, LI Tie, et al. Analysis of “9-28”

blackout in south Australia and its enlightenment to

China[J]. Power System Protection and Control, 2017,

41(13): 1-6.

[2] BEZK, kK71, BERE, 55 201149 A 8 H3kEEK

5% FL SRR AR 20 S s 3R Hi 0 2 38 AT A PR AR i 7R

[J]. AR, 2012, 36(4): 74-78.



-104 -

W) &Gk B

[3]

(5]

(6]

MAO Anjia, ZHANG Geli, LU Yuechun, et al. Analysis
on large-scale blackout occurred in South America and
North Mexico interconnected power grid on Sept. 8, 2011
and lessons for electric power dispatching in China[J].
Power System Technology, 2012, 36(4): 74-78.
R0, R, EE, % K 97307, “7-317 KfFH
EEE&’\H?ZQXT%kIIH%FIUﬂf“ B4 TAERER[J]. M
HiR, 2013, 37(7): 1841-1848.

LIANG Zhifeng, GE Rui, DONG Yu, et al. Analysis of
large-scale blackout occurred on July 30 and July 31,
2012 in India and its lessons to China's power grid
dispatch and operation[J].
2013, 37(7): 1841-1848.
SR, NI 4, FREE, S B “3-217 KFBRHENY
B ot o E IR R R (). B R G E Bk, 2019,
43(2): 1-6.

YI Jun, BU Guangquan, GUO Qiang, et al. Analysis on

Power System Technology,

blackout in Brazilian power grid on March 21, 2018 and
its enlightenment to power grid in China[J]. Automation
of Electric Power Systems, 2019, 43(2): 1-6.

MRS, EYEIR, kb, . BT RNz S A4
WAL — 2 A5 7R ) L ) B 6 3 AT IR 2 XU TP A ).
HL R G R S, 2021, 49(10): 67-76.

NAN Dongliang, WANG Weiqing, ZHANG Ling, et al.
Risk assessment of the operation state of power grid
secondary equipment based on association rule mining
and combination weighting-cloud model[J]. Power System
Protection and Control, 2021, 49(10): 67-76.

sk, aH, FEAREE, S5 TERORY R R R AT
wﬁﬁﬁﬂ.%ﬁ%%&ﬁ@ﬂ%%ﬁ,wmzﬂm
79-85, 102.

ZHANG Zhanlong, YAO Li, LEI Linxu, et al. Transmission
network reliability evaluation considering protection
failures[J]. Proceedings of the CSU-EPSA, 2016, 28(1):
79-85, 102.

YOUSEFI H, MIRZAIE M, AMINIFAR F. Reliability
assessment of HV substations equipped with fault current
limiter considering changes of failure rate of components[J].
IET Generation, Transmission & Distribution, 2016, 10(7):
1504-1509.

BRomtk, LAoe, B —5K. B gkt Ry R w1
FL ) 2R G0 R XU VR A (7], LR EER, 2008,
30(13): 14-19, 25.

CHEN Weihua, JIANG Quanyuan, CAO Yijia. Risk
assessment of power system cascading failure considering

hidden failures of protective relayings[J]. Power System

[9°

[10]

(11]

[12]

[13] f&

[14]

[15]

[16]

Technology, 2006, 30(13): 14-19, 25.

B, 23R, Al % BRRE T MK L Eil
PSR PR AL BOTVAY]. BT E B, 2021, 41(4):
197-203.

CUI Wei, LI Wyjing, NIU Shuanbao, et al. Rapid generation
method of high risk multiple fault set under natural
disaster[J]. Electric Power Automation Equipment, 2021,
41(4): 197-203.

WANG Jian, XIONG Xiaofu, LI Zhe, et al. Wind
forecast-based probabilistic early warning method of
wind swing discharge for OHTLs[J]. IEEE Transactions
on Power Delivery, 2016, 31(5): 2169-2178.

R, Exid, 20, & £ERRE TR H
HLE B IE AT KU PP [J]. W0 RGP S, 2021,
49(19): 65-71.

SONG Naichao, WANG Ruiqi, LI Mingming, et al. Risk
assessment of overhead transmission lines under multiple
natural disasters[J]. Power System Protection and Control,
2021, 49(19): 65-71.

RIAE, TR, AW, S MR IR
MR 2 A a2 AT SIS D7 VA D). s RS A sk,
2008, 32(7): 1-5, 14.

WU Wenchuan, NING Liaoyi, ZHANG Boming, et al.
Online operation risk assessment for power system static
models[J].
Automation of Electric Power Systems, 2008, 32(7):
1-5, 14.

MR IR RGUIRES
b5t E T R, 2017
MATHEBULA V C, SAHA A K. Reliability of IEC

61850 based substation communication network architecture

security considering secondary devices

B W J 4B Y SR T 1 M.

considering quality of repairs and common cause failures[J].
Protection and Control of Modern Power Systems, 2022,
7(1): 174-188.

ER, BEAMR, B, A ORI I A 2k R
W& I [ 23 A7 R AE SRS D]. L0 B 3R &, 2016,
36(3): 109-114, 123.

WANG Jian, XIONG Xiaofu, LI Zhe, et al.

distribution of weather-related transmission line failure

Time

and its fitting[J]. Electric Power Automation Equipment,
2016, 36(3): 109-114, 123.
RE/MR, TR, a2, S5 IR BRI K 1 v Y e B A
TR AE R AT SEPEPRAG Th ST [D]. B RGP S
1, 2015, 43(15): 28-35
XIONG Xiaofu, WANG Jian, YUAN Jun, et al. Temporal

and spatial environments dependent power grid failure



KB, 5F

R R 2 EARRRE I ) R G VA

- 105 -

method and its application in power grid reliability
assessment[J]. Power System Protection and Control,
2015, 43(15): 28-35.

[17] R&/AMR, 8. BRI 247 7735 S H M.
b5t Bresth R, 2019.

[18] XU X, MITRA J, WANG T, et al. An evaluation strategy
for microgrid reliability considering the effects of
protection system[J]. IEEE Transactions on Power Delivery,
2016, 31(5): 1989-1997.

[19] TAVAKOLI M, NAFAR M. Human reliability analysis in
maintenance team of power transmission system
protection[J]. Protection and Control of Modern Power
Systems, 2020, 5(4): 270-282.

[20] 5k, skik, E, & i LB RSNARE R Rk
LI XU PR AL DT VE (D] B R GRS SR, 2021,
49(14): 73-81.

ZHANG Pu, ZHANG Bo, WANG lian, et al. Short-term

risk assessment for a power substation considering the

time-varying operation conditions of power equipment[J].

Power System Protection and Control, 2021, 49(14): 73-81.

[21] 2k, 27K, A0, 55, 5 R i 4% i Ry

RG] SEVE AT KVEAG[J]. B R GRS
2014, 42(1): 84-89.
LUO Yong, LI Yongli, LI Zhongqing, et al. Assessment
of the reliability of protection system considering hidden
failure[J]. Power System Protection and Control, 2014,
42(1): 84-89.

[22] E—MR, B, XS, 5 BREET KR PR 5 E R
R KN AT]. ARG AN, 2015, 39(8):
141-148.

WANG Yifeng, TANG Wei, LIU Ludeng, et al. Construction

and application of power grid operation risk assessment

and rating system[J]. Automation of Electric Power Systems,
2015, 39(8): 141-148.

(23] BREATSE, 9k¥E, 5%, 5. £ T Cornish-Fisher 2%
SRR BVE I EOGARES B R G AR A [T]. T E 3D
b ¥ %%, 2021, 41(2): 91-96.

CHEN Chaokuan, ZHANG Jing, HE Yu, et al. Risk
assessment of distribution system with photovoltaic
based on Cornish-Fisher series and cumulant method[J].
Electric Power Automation Equipment, 2021, 41(2): 91-96.

[24] WANG X, SHENG X, QIU W, et al. Fault reconfiguration
strategies of active distribution network with uncertain
factors for maximum supply capacity enhancement[J]. [EEE
Access, 2021, 10: 72373-72380.

[25] SkZH, skibisy, whig, 55 T XUEQBISH B RS

TR P[], ARG R 515, 2013, 41(23):
73-78.
ZHANG Yiming, ZHANG Zhonghui, YAO Feng, et al.
Risk assessment of power system components based on
the risk theory[J]. Power System Protection and Control,
2013, 41(23): 73-78.

kS EHEA: 2022-10-05;
EEEN:

ko (1987—), B, ME, TR, ARFTOACS)
AS%ALE 424, E-mail: 15212593377@163.com

R (1997—), F, MEARLE, HRFT @A HR
Bt s AR RERLE. & hZA%HKRY 544 Email
xiongzhangmin@foxmail.com

E £ 0986—), F, @fEH, L), sk,
WA 5T, BT ahaRRAE S AL RERE, &
) 2 %R 5454, E-mail: wangrelay@foxmail.com

(%4 22/ m)

&EIHHA: 2022-11-03



