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Figure 1 System function curve of distribution network
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Figure 2 Resilience capacity assessment system
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Table 4 Resilience assessment results of distribution networks with different distributed power sources
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Figure 6 Influence of increasing available capacity of

mobile power on load recovery of distribution network
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Table 6 Distribution network resilience accessment results after increasing the available capacity of mobile power

Z:IE”ﬁ ﬁ/ RI Sh» Rz SAIDIT Svr Fad RMRRM
HIE 1 0.476 0. 259 0. 807 0.274 0.361 0. 490 55.2
T 2 0. 464 0.261 0. 869 0.270 0.396 0.511 57.8
B 3 0. 455 0. 257 0.871 0.262 0. 445 0.514 58.1
4 B (D) ARCH RGN R LK R RIS BN B
Za Tk

Sy e T VAl A 3 9 T TEE R I A 0 4 UK AR
SCHR T 2228 U i X 0T B FRL IR G P e e R A6 7
L Z2 Qe PRV J5 1 AR LU 4598

FEL O TG P B R ) S 0 R H — i 28— 19 I I O F
A AR ASE R 3l o B A G 1 AR R A A O T Sy
CIRERPAR ) T YRR S

(2) FERC L BB PEPEAL b, 8 T B A8 0 3V )



% 6

TR, 75 8 2 2 A g K TE R I 22 4 P A 7 1 91

MRIZ T 3 AHESE R 23 G E L AT VAL A%
SRR T AR FL B 0 A S 43 R A D7 3 S A i
1R

(3) BIPEITAL &5 R R W], [ 2 i 4% 5 v I )

AV L B v B Bl HRL R R E R A KR T IS F R )
P BT B AL J7 k& T RS TR 3 R LR B T
ARG,

S

[1]

[4]

[6]

[7]

INLE, XV, BREEE, 5. R 9CH T s Mk RE T
FERA: UBPER AN ELT]. ARKF ¥, 2018,
27(2): 14-23.

SUNJ Y, LIU C, OUYANG M, et al. Review of per-
formance studies on electric power grids under seismic
hazards: with a focus on resilience perspective[ J]. Jour-
nal of Natural Disasters, 2018,27(2) : 14-23.
ERA. BB FIE R ERIR[T]. BHH,
(9):2-5.

2016,33

LIT Y. A review of disaster prevention and mitigationin
distribution network [ J ].
2016,33(9): 2-5.
RIREE, FMRAS, SU0EE, % Mom s TR E T Ml
P F o XURS: DA i [T]. R R, 2023,47(10) .
4180-4190.

LIANG Z F, YAN JJ, LI J F, et al. Risk assessment of

Distribution & Utilization,

urban distribution network underextreme rainstorm disas-
ters[ J ]. Power System Technology, 2023, 47 (10):
4180-4190.

WANG Y Z, CHEN C, WANG J H, et al. Research on
resilience of power systems under natural disasters: a re-
view[ J].
31(2): 1604-1613.

MRS 5 WKUAE AT TE ) AT 5 M A A T
RERRBEFELD]. J7M . 7R TR, 2019.

LIN J H. Research on reliability evaluation modeling and

IEEE Transactions on Power Systems, 2016,

early warning framework of distribution networkunder
strong typhoon conditions [ D ]. Guangzhou: Guangdong
University of Technology, 2019.

EAR, PEHGE, Wk, . mim A KK T ER
F, O 950 P B T 4 Rt A3 R B s ()] WL R AR
P EFEH, 2023,51(22) ; 34-48.

WANG Z H, LUO J X, CHENG L, et al. Improved gra-
ded load reduction strategy for resilience enhancement of
an active distribution network in a typhoon [ J]. Power
System Protection and Control, 2023,51(22) ; 34-48.
RBE BN, W, 5.6 X R
B Ra SEm [T]. I RS A Bk, 2016,40(2)
20-29, 83.

WU Y J, XUEYS, XIEY Y, et al. Space-time impact

[8]

[10]

[11]

[12]

[14]

of typhoon and rainstorm on power grid fault probability
[J]. Automation of Electric Power Systems, 2016, 40
(2):20-29, 83.

JABet, B, W W R A &M T R BEC
LA 07 1 RAR TS TG 52 [0 ], PR AL TR
i, 2018,38(2): 505-513, 681.

ZHOU X M, GESY, LIT, etal. Assessing and boosting
resilience of distribution system under extreme weather
[J]. Proceedings of the CSEE, 2018, 38 (2):. 505-
513, 681.

PANTELI M, MANCARELLA P, WILKINSON S, et al.
Assessment of the resilience of transmission networks to
extreme wind events [ C] /2015 TEEE Eindhoven Pow-
erTech. Piscataway: IEEE, 2015, 1-6.

MA S S, CHEN B K, WANG Z Y. Resilience enhance-
ment strategy for distribution systems under extreme
weather events [ ] ]. IEEE Transactions on Smart Grid,
2018, 9(2) . 1442-1451.

GHOSH P, DEM L. Probabilistic quantification of distri-
bution system resilience for an extreme event[ J]. Inter-
national Transactions on Electrical Energy Systems,
2022, 2022 3838695.

TR, X, F, . & A KU A AR S
PR S ERER AL B 5B 1T KM [J]. ARG H S
1k, 2022,46(9) ; 42-51.

WANG Y S, DENG H, WANG X, et al. Optimal config-
uration and operation strategy of mobile energy storage in
distribution network considering spatial-temporal evolution
of typhoon [ J]. Automation of Electric Power Systems,
2022, 46(9) . 42-51.

WEE, AR, BAR. MR OCH T I H Y e 55 1 4y
Brle S PR TR (0], HEEAR, 2021, 45(9):
3674-3680.

LEI X, ZHENG G X, HU Y. Vulnerability analysisand
resilience improvement of distribution network under
earthquake disasters [ J ]. Power System Technology,
2021, 45(9): 3674-3680.

PRI, ERRT, S84k —, . Hom R AT A RERC
WA SRR PR (0], AL RS Sk, 2020,44(9):
60-68.

LI Z K, WANG F S, GUO W Y, et al. Resilience evalu-
ation of smart distribution network in extreme weather
[J]. Automation of Electric Power Systems, 2020, 44
(9): 60-68.

SUE, FOA, L. 3 s RKE A B
R THC P I 22 S A o MR R B R R O T R (D). O R
GRS, 2024,52(3) : 62-73.

GUO M X, LISY, GU X P. Differentiated reinforcement
planning method for a distribution network considering

simulation of the whole process of typhoon disasters[J].



92 N K F F W (T %R 2025 4

Power System Protection and Control, 2024, 52 (3). power supply reliability of centralized feeder automation
62-73. distribution network[ J]. Journal of Zhengzhou University

[16] CANHAM C D, PAPAIK M J,LATTY E F. Interspecific (Engineering Science) , 2024,45(1); 114-121.
variation in susceptibility to windthrow as a function of [20] EAN, XIX&E, B35, 5. 10w A 6 /RT3 T 0
tree size and storm severity for northern temperate tree HO R R SRR [T]. WO RK A
species[ J|. Canadian Journal of Forest Research, 2001, 1k, 2022,46(15) ;. 37-45.

31(1) . 1-10. WANG Y H, LIU W X, YAO Q, et al. Pre-layout and

[17] FU X, LI HN, LI G, et al. Fragility analysis of a trans- dynamic scheduling strategy of mobile energy storage for
mission tower under combined wind and rain loads|[ J]. resilience enhancement of distribution network[ J]. Auto-
Journal of Wind Engineering and Industrial Aerodynam- mation of Electric Power Systems, 2022, 46 (15):
ics, 2020, 199: 104098. 37-45.

[18] ESPAR, Bl WEH, . WImKkS KA TRA [21] ZHOK. 75 58 G XUk Ao 48T 58 JBE 52 W) f) A0 2 2
P S AIR 52 ) iR A A AP AN T )] R JNEFRI D], EH . THRKH, 2020.

A, 2020,46(1): 123-132. LI M S. Strengtheningplanning of overhead lines consider-
WANG S X, HUANG R S, PAN Z X, etal. Construction ing the influence of typhoon on line load reliability[ D].
and evaluation of resilience restoration capability indices Chongging: Chongging University,2020.

for distribution network under extreme ice and snow [22] f#, Wi, HA K, 5. ZTHEREG RN E
weather[ J]. High Voltage Engineering, 2020, 46(1): S W 2 g YA Tk (] B A b &,
123-132. 2023,43(3) . 1-11.

[19] B, mBT, B, 5. E£PhUmLashbiidh FU Y, GUJ P, TIAN S X, et al. Multidimensional resil-
WG P SE DAL [T]. MBI KR F2E (TR, ience evaluation method of active distribution network
2024,45(1): 114-121. based on earthquake disaster scene[ J]. Electric Power
CHEN G Y, GAO X Y, TAN C, et al. Evaluation of Automation Equipment, 2023,43(3) . 1-11.

Multi-dimensional Resilience Assessment Method for Distribution Networks Considering

Multiple-Types of Extreme Weather

WANG Yaogiang"?, LI Wuxiang"?, HAN Jing"?, LIANG Jun'’, YUAN Jia'?

(1. School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Henan Engineering Re-
search Center of Power Electronics and Energy Systems, Zhengzhou 450001, China; 3. School of Engineering, Cardiff University, Car-
diff CF243AA, UK)

Abstract. Extreme disasters occur frequently around the world, and extreme weather events seriously threaten the
safe operation of distribution networks. In order to improve the resilience of distribution network to extreme disas-
ters, a multi-type extreme weather model and a multi-dimensional resilience assessment method were proposed in
this study. Firstly, based on the impact mechanism of typhoons, heavy rains and ice storms, a unified distribution
network component failure rate model was constructed, and Monte Carlo sampling and K-means clustering algo-
rithms were used to screen typical fault scenarios. Secondly, based on a comprehensive weight method a multi-di-
mensional resilience assessment index system was used to cover defense, adaptability and resilience, and a multi-
source collaborative optimization disaster the post-recovery model was built to verify the effectiveness of the proposed
resilience assessment method. Finally, taking the IEEE33 node and IEEE69 node systems as examples, the three
measures of reinforcing lines, dynamic dispatching of distributed power sources, and increasing mobile power ca-
pacity were compared. The results showed that the proposed method was effective. Compared with the traditional
one the score of the proposed method increased by 11. 2%, and the evaluation results were more accurate and com-
prehensive.

Keywords: distribution network ; extreme disasters; resilience assessment; resilience indicators; post-disaster re-

covery; index weight





