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Fig.1 Classification of distribution network resilience

BAT RN T SRR 3 T R R 22 B
REAI SR, W ol P Pl B I R e s A5 b b
R 5 I PR 52 0 P 0 B 9 R R g R L R 5
SEE DT 1 SCHEE VIRAZRE T o TR DR AR ST 5 ) S B
RFFT ADN G e BRI A 5 7 vh R GE P e
AR AL, BT LUK S sk — MR & RE 3R AR ST
WA . IR SRR , N SCRHE S PR S
PRABINE o

Pic Fi O R S R L P R TR RO TR
AP R ORBE S o ATERTEANREACRE BIIE , — > m] 5
PEAR 5 B BCHL I, LB K P R b i o o S
R R GAEAE A S e R BEAR &, ol DAFEAR K po g
(] P9 RS B oo 1, (EL A i 7 FHE R PR T R 4
A RETCVE S8 A RO R R L 2R G B fi LR A I [R]
WIS H,, I M 2%

AAEPE ST I B = IO R R A T
Pic R, oA 1 e R R A AR 1, A SOR A& s ] SR
FHIESE AR O APPSR AKX 5 AR RFIE AT, X

X3 EARBRFEAT XS LA AT BB EA TR R S
DX, DA IR0t E R, P9 0 g LA | R4 G 2 DL
KAFAL
12 MERETTHSEREE
AR SN R AR SRy i K AR, 20 B L RR R
X L P TG B R S A R X sl R
T B G 535 1 A, D G 52 81 R i S R 52 i )
FRBERUBIC, TC i, 9 T i 1 58 PETE R K 5 )
S E AL, EEUR LR AR . TC L I 4 B
AR H AN T3 BB AE 25 W B B N
W PR AR T B T — A PR IR A3
Hb R 9T B TC H Do Bl R AL A5 A I B 2k
WrZ 45, Sy 748 T-WF9T , e vl LAAA 90 b 72 50 st il
PERUBCAY B A R 3 280 172 3 PGA (HiRE 3
I {E 4 % (peak ground velocity, PGV)  HiZ s I (H
{7 % (peak ground displacement, PGD) | 2 I 1% 5% .
227 SCHRL 10 JiE— 250 9% R 3l AR AL AL, 7 75 2]
S 52 B0 B 1Y) JLAS BEAS PR 3R A 8 1) b 52 Bl AU
B, = (D) s .
Y()=F()G(fIS(f) (1)
A fNRRBIRY(f) NHRNSEGF(f).
G(f)S(f) 73900 e G0N bR KK 752 v SO PR
iy HR400] PRI
ARSI PCAVE N HIFZ B 2L, % B 72 3l 5
RE R BE B = TP R PR AR RN 37 b A B R] Y OC &R, % =X
(1) & R R BEATGE 25 53 B IF O B0 2 7 5225 i
- 23 b v O T AN [R) R 40 L7 v B 1) 7R 3 o D
BRI, 3= (2) FI=K (3) R
lg £ =0.643+0.7M - 1.905 Ig( R+0.327e"*")+0.19
(2)
e fron=1.428+0.477M~1.491 lg( R+0.327e4)+0.21
(3)
P MO R R s RO 5 foo, H PGA R/he
X (2) R EE iy 72, 20 (3) 2
TR
e H, 10 7 i DXl P /DN, T Ak Ao )
B M FEAH[R] , 1 5T 45 ¥4 22 S A D 532 Wi 4 8 il o
R EERNER . TR TR — R NL BTl
(] RS (R4 T, 4083 20 % 7 9 v (Rl o 3 - 04
o oA T RE ] B e B R B PGA Y M ff P A
PE, IF 1T R C L 3R G A6 A ] b AR o 3 5 B T 9 97 4
23] 3 A, AN SCHR R 0 L A2 9 IX B 52 5l PGA N
R A&, B e SCAnF

sz;x g,iwipi
i=1

2P,

i=1

fm;:: (4)



53 A

B T RO E S 3 SR I S B Ay i (3)

K frmy, N2 KX I, g HLFZ B PGA B A
Soon e FEZRIKIR g 9T 800 FTAENL B PGA PN T
SRS BT AT TR a0, R A5 i A B AL R AR
B N, R 32 0 DRI PN 1) 87 af 19 5B

Fi FEIEE g A R ) A 4 A2 A T L R e X0 0
AN DI, — B 5 R R — 9 E T AT B g e 22
S RV = R 2 TR 0 7 YR A 174 IX ek s 72 3 PG A
T B RG2S B A VR A MRS /) | 20 % ik
BN R 2 R SRR R e AR B (2) A
(3) 7~ 1) b 5 By 5 3 A 4 1) vy e, DX )
R AT, B A E T AR R Y X R i A . BT
TN foee FOTC RO 20 X G0 ] 2 BT

Jraan
B2 EFHEMN for WERENSX

Fig.2 Distribution network zoning based on
load weighted fi;
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Table 1 Comparison of resilience evaluation results of
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Fig.7 Comparison of results among three resilience

assessment methods under disaster simulation scenario
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Table 2 Effect of poles with different

strengths on ADN resilience
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Table 3 Effect of DG capacity on ADN
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Multidimensional resilience evaluation method of active distribution network
based on earthquake disaster scene
FU Yang',GU Jiping', TIAN Shuxin',MI Yang',LIU Shu’
(1. Department of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China;
2. State Grid Shanghai Electric Power Research Institute,Shanghai 200437, China)
Abstract: In order to analyze the resilience support ability of active distribution network to withstand des-
tructive disturbance events and quickly recover important loads,a new multidimensional resilience evalua-
tion method of active distribution network that integrated with the high-precision dynamic perception ability
of phasor measurement unit (PMU) on the background of earthquake disaster scenario is proposed. The
basic concepts and characteristics of distribution network resilience are described. And taking earthquake
as the representative of extreme events,the model reflecting the weighted mean of distribution line failure
rate and ground vibration peak acceleration is constructed, and then the representative earthquake scenes
are selected by non sequential Monte Carlo sampling and K-means++ clustering algorithm. Based on the
strong perception of PMU configured by the system,the evaluation indexes reflecting the abilities of strain,
defense, recovery and synergy of the resilient power grid are established to form a resilience multidimen-
sional feature space,and then the weighted Euclidean distance between the center of the event clusters and
the optimal resilience point is used to evaluate the multidimensional comprehensive resilience of system.
Furthermore,the impacts of two measures to enhance the strength of power lines and improve the distribution
generation available capacity in the joint system on the improvement of system resilience are analyzed,and
the learning ability about earthquake resistance and disaster prevention of resilient power grid is excavated.
Finally,the effectiveness and accuracy of the proposed method are verified by the improved PG&E69 system.
Key words: active distribution network ; earthquake disaster; resilience evaluation; K-means++ clustering; resi-

lience multidimensional feature space
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Table A1 Comparison of resilience and related concepts
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Fig.D1 The whole process of ADN fault recovery under extreme events



M= E

1
R(y) =
Ploss
1 Ap(xk)
= dt (E1)
Hoss Ite S(J/) key Po
3
Ap(X,) = ZWApi(Xk)
i=1

Rofs AP(X) + AP (X ) A BN R 20 R LR G, 4 BT X NSt
5t Po N K AE R INBLE 750

Sit =Speit + Sgss,i,t ~S ot — Sessiit

_pij,tsi;nax < Sij,t < pij,tSi;nax

Vimin Svi,t Svimax

st{0< P} <x',P+™ (E2)
0< P <x/(R™™

x +X <1

VieN,Vijel

Refs SYRSHE i RIS Oy N U i B TIRERRE, ERIBATH L, MRS
HLO; PO™ . RO MBI G | AEAEEITE . AR RIS Vo t I AT B FRR A,
L ) PMU L 0 1 7 £ 43 [ P S5 24000 PMU L B8 e R A 31 X L X
Sr Nt BT A T A RE TSI 0-1 BUAREAL; N L BN EC HL I T A 5 55 R SO AR A
Mz F

Pl

\ RT3 5 £ L RIADNEZ: B 5 |

v
JF B RIS R B P A b R4 R,
Il I K-means++ 28 845k 2 KA Wi SR 557

TS FF% 357tk F ADN A JRorie A5
SHE IR s B G L SRR Resre L0 BRES k=k+1
L3 LT 35 Rrrek
Y
N
\ s i L |

\ ADN P LR 1% Hi 4 Bt |
v

\ SRS i T 5 RGER-ASIHE X H |

gER
F1 ADN M 1F A F 2 E
Fig.F1 Flow chart of ADN reilience evaluation

27 26 25 24 23 22 21 20

28 29 30 31 32

'36 37 38 39 }
&
8

12 ¢ S ¢ 9

5:9 60 61 62 63 64
€S) iz @ etk @ @pmuALFL S 21 2
B F2 A PG&EGY FRTIMNE
Fig.F2 Improved PG&EG9 topological graph




Rrre

05
04 — 08

Ro

R EsraL 0 02

F3  BU#HRY PG&RESY ARG MRIELIA R THIFIME MFS i A R T RIF DT
Fig.F3 Improved PG&E69 system spatial coordinate distribution of resilience multidimensional feature

evaluation system in seismic simulation scenario
3

N

BETITAIS (k)

0 2 4 6 & 10 12 14 16
Bl F4 BIAERIEERITLE
Fig.F4 Elbow method clustering result line graph
RF1L SfaFRKAMEAR

Table F1 Load level and controllable type

FREA AATER T RS
1 6,9,12,18,24,34,38,41,43,51,53,56,58,62,66,69
EILIEE: 7,10,11,13,16,22,23,25,26,28,33,
i) ? 44-47,49,52,59,60,63,65,67
A A 3 27,37,50,57,68

xF2 ZERERSEX
Table F2 Line section zoning

X 18] LRk PGA fAIE X 45k
1 18-21 PGA,
2 12-18,22-27,33-35,55-58 PGA,
3 2-12,28-33,36-54,60-69 PGAs
4 1,59 PGA,

®xF3 TRIFRBEFRIMENE
Table F3  Different grades of poles and bending moment

HFF S YU S5 (KN-m)
G% 48.76
1 % 585

K % 78
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