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Short-term risk assessment for a power substation considering the time-varying
operation conditions of power equipment
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(1. Guangzhou Power Supply Bureau, Guangdong Power Grid Company, Guangzhou 510620, China; 2. State Key Laboratory of
Power Transmission Equipment & System Security and New Technology, Chongging University, Chongging 400044, China)

Abstract: The traditional risk assessment of a power substation calculates the reliability of main electrical wiring based on
the annual average failure rate of power equipment, which cannot reflect the time-varying fault risk of equipment and its
influence on the power supply at load points. In this paper, the operating risk of the power equipment is considered as being
influenced by two factors, namely the state of the equipment and external operating weather environment, and the operating
risk of the equipment is quantified by a Proportional Hazards Model (PHM). Considering that the equipment state score
based on a fault tree is decentralized and the influence degree of different components’ faults on the equipment outage is
different, a fuzzy comprehensive evaluation method of the equipment state based on an Analytic Hierarchy Process (AHP) is
established. On this basis, by taking the connectivity between the power incoming lines and the load points as the risk
quantification index, a substation risk assessment model considering power supply connectivity is established. The
effectiveness of the proposed method is verified by taking the IEEE-RTS79 system substation as the test object. The results
show that the failure rate of the main equipment in different scenarios has significant impact on the substation risk assessment
result. This demonstrates the necessity of short-term risk assessment and the feasibility of the proposed method.
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Fig. 1 Example of multi-level comprehensive evaluation model
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Fig. 2 Flow chart of risk assessment for power substation
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Table 5 Judgment matrix B of transformer factor set
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Table 6 Failure rate of transformer at different time

and in different states
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Table 7 Failure rate of current breaker at different time
and in different states
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Table 8 Failure rate of transformer under different

weather conditions
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Table 9 Failure rate of current breaker under different
weather conditions
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Fig. 3 Main electrical wiring of power substation
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EaPs) 19 20 21 22 23 24 25 26 it
FRFIMW 22.9 36.15 36.96 175 21.19 88.59 11.71 195 587.46
e, LOLPL 210 216<10°  220x10°  22060°  296x10°  296<0° 23.03x<0° 301x0° 00207
R EDNS, 4.96x102 7.83x102 812x107 0.385 6.28x102 0.262 3.55%102 0.585 1.24
s LOLP;  3.33x10° 3.33x10° 3.33x10° 3.33x10° 371x105 371x105 371x10°5 371x0° 2.81x10*
EDNS, 7.62>x10% 12103  123x10% 583x10° 7.84x10% 3.27x103  433x10*  721x03 00207
. LOLP;  833x10° 842>10° 844x10° 835x103 806103 8.1x03 811103  804<0° 00658
EDNS,  0.1908 0.304 3 0.3116 1.4612 0.170 8 07176 0.095 1567 8 48191
sy LOLP; 00352 0.036 8 0.0365 0.0357 0.050 3 0.0517 0.0514 0.050 1 0.3477
EDNS,  0.8061 1.3303 1.3476 6.2475 1.0659 4580 1 0.601 9 9.769 5 25.749
{7y, A i AR R AT G, B R WANG Chunming, ZHU Yongli. Transformer oil

PR BWRIRE . RAFMER R, @7 E
BRI L AR AT . FEBEHEAIE b, 753 B AR
BRI AR AR, AR H S EAT AT SR AR AR T
B, 1934 F RN XU AR bR o S T SGIE 1
TV LU AR B R RORES 5 RABE RS
M, HOO A R AR A RN AN AT s AR LS A
ANTRN G A AU RN B 22 e, BRHIE 1 A X
W PPAl 0 BV . 5 B0 PEAL 5 A B Tis4E N i
SRIDURH BT I, 72 i A8 L () AT A FE MK
AR SCAR H B0 T e A9 XU A TR g i 25 ) I A

TR ORARSR A 1T, JFIE I R E

A LA B bl 2R A7 g7 XU (R B2, T NI AT 5 R

B R EA A RIS IR0 7 BB I I FE A . S5

SRR A% . RIS MBS BRG], EHIE

fitll EREAT AT ESE R RR AR TH AR, AP0 45 AR AT L

WEIBITHR K.

S

(1] 3o, AR, TOEL J20 ) A AR HL bt
AT SHF AR EEN]. =k A%, 2020, 56(9): 1-10.
ZHANG Lijing, SHENG Gehao, JIANG Xiuchen.
Application analysis and research prospects of ubiquitous
power internet of things in substation[J]. High Voltage
Apparatus, 2020, 56(9): 1-10.

[2]  whaesg, xIsaE, 2R BT MCMC JrikAinm (i %

I (22 s A B A e R[] L) R GE RS S 4%,
2019, 47(15): 1-8.
HAN Saisai, LIU Baozhu, Al Xin. Transformer dynamic
failure rate model based on MCMC method and oil
chromatographic data[J]. Power System Protection and
Control, 2019, 47(15): 1-8.

[3] EFHFW, &AF. HT NSGA2 fLib i NIk B 2% S HLIK
AR JR g W B2 W], s R R A%, 2020, 56(9):
210-215.

(4]

(5]

(6]

[7]

(8]

(9]

[10]

chromatograph fault diagnosis based on regularized
extreme learning machine optimized by NSGA2[J]. High
\oltage Apparatus, 2020, 56(9): 210-215.

FAVH, FBE, EUH, 5. RAE N HE R IR A
A AR A IS AR U [9). b [ L L AR 2 4R, 2013,
33(1): 63-69.

GUO Chuangxin, WANG Yue, WANG Mei, et al. Research
on transformer time-varying outage model to characterize
internal latent faults[J]. Proceedings of the CSEE, 2013,
33(1): 63-69.

JENGHY, EiK, FWEIHT, & —MIEET PHM EEZ
AN BEARAS B IR 30 s 45 i e ZR AT ]. FRLD &R
Gifg4p 54500, 2014, 42(18): 66-71

LU Mingming, WANG Yifei, GUO Chuangxin, et al. A
failure rate model of oil-immersed transformers based on
PHM considering aging and equipment status[J]. Power
System Protection and Control, 2014, 42(18): 66-71.
MITCHURECHART C, CHAITUSANEY S. Reliability
evaluation of electrical substations under various failure
modes[C] // 2013 IEEE 10th International Conference on
Electrical ~ Engineering/  Electronics, =~ Computer,
Telecommunications and Information Technology, May
15-17, 2013, Krabi, Thailand: 1-6.

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.

DENG H, WU X, DUAN D. Reliability evaluation in
substations considering operating conditions and failure
modes[J]. IEEE Transactions on Power Delivery, 2012,
27(1): 309-316.

it HARGARIHAER ., Tk M HIM]. b
5 BRHRRAL, 2006.

VEGA M, SARMIENTO H G. Algorithm to evaluate
substation reliability with cut and path sets[J]. IEEE



T S B I AR A8 r ol I RS VA 77 3%

- 81 -

[11]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Transactions on Industry Applications, 2008, 44(6):
1851-1858.

B2y, WECHE, BT EIVEAE AR Lk RS DA
M A, HI54ER, 2015, 52(3): 112-116.

ZHANG Zhonghui, XIE Yimiao, WANG Hui. Application
of graph theory in risk assessment of substations[J].
Electrical Measurement & Instrumentation, 2015, 52(3):
112-116.

COX D R. Regression models and life-tables[J]. Journal
of the Royal Statistical Society: Series B (Methodological),
1972: 187-220.

FEF, iR FEAELNINE BB A RS
BIFIBHTI[I]. I RS E B, 2017, 41(8): 63-68.
LI Zeyu, WANG Yifei. Power transformer time-varying
outage model considering online monitoring information[J].
Automation of Electric Power Systems, 2017, 41(8):
63-68.

TR AT, BT MIEAT e XK R PR EOR
#TE: Q/CSG 11104002—2012[S]. 2012.

WEA, AR, B, 45 ET ORI AR E R
R L SRS LRSI T IEN]. B R G R 5%
], 2020, 48(1): 88-95.

TAN Guisheng, CAO Shengxian, ZHAO Bo, et al.
Comprehensive evaluation method of transformer status

based on association rules and variable weight coefficients[J].

Power System Protection and Control, 2020, 48(1): 88-95.
FHEsE, ¥, Ay, & ESCBME R HTE N AR
TR AR AR 255 VPRI T]. v L 2%, 2020,
56(9): 216-222.

WANG Hailiang, DENG Ling, HE Qi, et al. Grey fuzzy
comprehensive evaluation model of transformer state

based on intuitionistic fuzzy analytic hierarchy process[J].

High Voltage Apparatus, 2020, 56(9): 216-222.

W, PaTE, ki, 55 TS RIS IRE
PHE[]. IR GY S58, 2019, 47(10): 104-109.
YANG Chunbo, TAO Qing, ZHANG lJian, et al. Equipment
status assessment based on comprehensive health index[J].
Power System Protection and Control, 2019, 47(10):
104-109.

2N /AT e S s o R NP A R = U
Q/GDW171—2008[S]. 2008.

9 77 LA AL IR S TR 5 XU PR Al HOR S 0
S.00.00.05/Q100-0006-0912-8148—2010[S]. 2010.
Ty, EFE, VHE. ETRERSIHENT AR
RGBMER AP ]. PRk BB,
2015, 46(2): 631-637.

LI Ning, WANG Liguan, JIA Mingtao. Fuzzy
comprehensive evaluation of six mine systems based on

analytic hierarchy process[J]. Journal of Central South
University: Natural Science Edition, 2015, 46(2):
631-637.
(21] VFAAR. SEHIRSE TV B IR BT R BE[M]. R
KRR AL, 1988,
KRR, TR, REk, & 5T ERITESERZE
E VRO 0 BN PRI (0], AR AR KA AR, 2006,
27(10): 1142-1145.
ZHANG Zhen, YU Tianbiao, LIANG Baozhu, et al.
Research on supplier evaluation based on AHP and fuzzy
comprehensive evaluation[J]. Journal of Northeastern
University, 2006, 27(10): 1142-1145.
[23] XU'Y, LIU J, FU Y. Fault-line selection and fault-type
recognition in DC systems based on graph theory[J].
Protection and Control of Modern Power Systems, 2018,
3(3): 267-276. DOI: 2018, 3(3): 267-276.
RE/NMR, E, SRIR, S I ERIAR A 1 He X g A
R AE R A SEE PR TP R T[], B RGR S
i, 2015, 43(15): 28-35.
XIONG Xiaofu, WANG Jian, YUAN Jun, et al. A power
grid fault model dependent on time and space environment
and its application in power grid reliability assessment[J].
Power System Protection and Control, 2015, 43(15):
28-35.
KARLSSON S. A review of lifetime assessment of
transformers and the use of dissolved gas analysis[D].
The Royal Institute of Technology, 2006.
[26] ¥, £, A0FUE, 55, LT B /R 700 I B A5 W
PR A AT EEPE T[], = R HLAS, 2020, 56(1): 30-35.
MU Yan, WANG Yongxing, ZOU Jiyan, et al. Reliability
analysis of vacuum circuit breakers based on Weibull
distribution[J]. High \oltage Apparatus, 2020, 56(1):
30-35.
IEEE Subcommittee. IEEE reliability test system[J]. IEEE
Transactions on Power Apparatus and Systems, 1979,
PSA-98(6): 2047-2054.

[22]

[24]

[25]

[27]

ks EHA: 2020-09-02;
EEE N

3 OB(1982—), B, WL, HRHEHERAMGIFE
54 %R EME; E-mail: jump8l5@gg.com

% K (1995—), B, mEHRL, HRATQOHELS E
Sibk 4 5 4=4]; E-mail: 695783197@qq.com

E Z(1986—), B, W (B), a4k, HEAEFIF,
AT @R CRARGIFEELLRERE, &) 2%5RPE
=4, E-mail: wangrelay@foxmail.com

{&EIHEA: 2020-11-12

(m#F £#7M)



