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Abstract: Aiming at the problem of multimodality risk coupling and resilience improvement in” source-network-load-storage” col-
laborative optimization after large-scale distributed generation access to distribution network, a dynamic reconfiguration method of
elastic distribution network integrating multimodality vulnerability perception and demand response collaborative optimization is
proposed. Firstly, based on the complex network theory, a topology-operation multi-dimensional vulnerability assessment model is
constructed. By improving the betweenness center to quantify the topological hub of the branch, the voltage sensitivity coefficient is
used to characterize the dynamic disturbance sensitivity of the node, and the principal component analysis is used to realize the
unsupervised fusion of structural vulnerability and operational vulnerability, so as to accurately identify high-risk branches. Secondly,
a second-order cone programming model with resilience constraints is constructed, and the comprehensive vulnerability index is
embedded into the objective function as a penalty term to realize the collaborative optimization of energy storage dynamic scheduling,
demand response elastic load and network topology. Finally, based on the simulation of IEEE 33-node system, the results verify that
the proposed distribution network reconfiguration strategy reduces the network loss by 55. 1 %, while the new energy consumption
rate increases by 15. 17 %. The comprehensive vulnerability-driven reconfiguration makes the high-risk nodes clear, the N—1 fault
recovery time is shortened by 70 %, and the peak-time voltage fluctuation is suppressed by 40 %. Pareto frontier analysis reveals that
6.5 % economic cost increment can exchange for 22.7 % vulnerability index improvement, which verifies the multi-objective
coordination of safety-economy-elasticity. It provides an “evaluation-optimization-feedback” closed-loop theoretical framework and
basis for the new distribution network.

Key words: vulnerability assessment; distributed generation; demand response; multi-objective distribution network reconfigura-

tion; energy storage device; multimodality
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Tab.6 Comparative analysis of economy in different scenarios

Jt/d

A 75| Y52 Y53 Yist4

S A 1420.5 720.3 690. 5 735.8

4 i B A 1350.2 650. 1 620.5 670. 4
FERFEICHA 70.3 70.2 64.7 0

FERBAE A 0 0 45 65. 4

H 11 e Ml g, i i 22 H ARG A 20 A il H
WIF G h 2 G5 e AU SC AR
MR T Al AL, SRR TSN = 1.0, BARMAR

680 720 760 800
BAR/OTd )

B 11 ARFERTIE ST

Fig. 11 Pareto frontier analysis

A 685. 2 70/d, AHAFAE = e 55 MR UK B IVS 1B
40.75; MIIVSIKEN BT T Z A =0.6LL6.5 %I
205 AR B S I IVS FRAIK 22. 7 % 19 e 555 14 5 1
AT BRI S BIEH R A = 0. 4 BRERE
RO, HIVSTEE R 0. 52, [HUURGEZFHEN
RANBENE 23 %o, A SORUEE 78 28 55 P -2 s M ] TS
e - i R B 25 S0 E i 4 PCA AU 0 Bl 7 4 9
B, BT R G AT - W R AL FE AL
LS R RS LS
®7 ZFHE-HRBESEEM SR

Tab.7 Multi-objective comparative analysis of economy-

vulnerability
AL A (ZETEPE: Mag5 1) BIAIGE-dT) R IVSEHIFA
1:0 (R4 5HE) 685.2 0.75
0.8:0.2 705.6 0. 68
0.6:0. 4(ACkHE) 735.8 0.58
0.4:0.6 780. 1 0.52

4.4 REBEITLEHH

B 12 %6 b TR 5 R 35 s B R 40 A 9 24 h
PEEE . B iR A 18 B EMKE 0.918 p. .,
HASATAEIEMT 0.95 p.u. IL4EFHME, 1
e WIS BE A AR L R R AU o 5t 438 2 TVS BK 3
R AR R E R T 20,963 pou., AT AR
FEXWE L 0. 95 p. u. IPEZISR, Hm gt B
PR B 37 5 1 /0 40 %, BAIE T SR AL SR S
TR E R AR T, AU T TR sh, R
G e S e A PIME R LT

TESZ I L7-8 & N-1RBERT, 4 4137509k E
AE TN HL AN 8 Fim .



il 2 AL 38 PR 5 i SRR ) o ) P P R 0 A 95

LERNE:| B3, %
—— 7504
Nominal Voltage (1.0 p.u.)
L e
3
=
]E 0.95
il
0.90
0.85

1 4 7 10 13 16 19 22 25 28 31
T

B 12 FEBEESHEFLE

Fig. 12 Comparison of nodes voltage distribution

*x8 XHL7-8REN-1HERERE
Tab.8 N-1 fault recovery capability of branch L7-8

Xif L5 759! Wis2 Bm3 w4
B2 %/ % 28 15 10 5
Pk 52 H5F [] /min >60 40 30 18

L PR 5 K. w 0.85 0. 89 0.91 0.94

Y 438 13 A 8 72 Gtk i 37 Fl DR HIJ LAY
SOC M 80 %[5 ZE 45 %, 0.2 MW T3 37 4 S it
FTIE  E A S ABE  T F U )
BRI AR ZR, SRR Tk . 4k & B ]
TR R R, BERIRELERIE.

Fl 13320 BGUE IVS 5 J7 S0l R i AR R Pk
OCHE, FETIEEE 33 75 5 R 40 50 MEAE S, R
TR IR A IVS TE4 5 7 s AT R K
B .

SR WoR AR R E IEAH G, Pearson A K
FEH T A TVS 55 e A 23 i) 48 A S0 TE A G
Hort R=0. 83 JiiE 5 IEAHOC, p<0. 001 Rzl ¢ R %k
£ 99.9 % B A5 KF W3 PR s, AL IE e R AR
R, = 0.76 WA RIERE T 76 BRI FAR S, R4
24% B A LI PR 22 B BEAIL IR 22 T 8, A ZR 1VS
HAHIO0. 1, HEEMEE EA26.2 %, 95 %E (A
DX ] (P 20 0 DX 35 ) B0 IE RS R 5 M, 3 T AR AU,
IVS{H < 0. 4 B BB AER 3 %, g KU 9 A IVS
> 0.7 IR A 22 % . B IELE A WG5S T IEAL 5
e SR ) 1 B ] EE R AR AR e, R Y ) U SR A
SN FNTVS Xof XU B Ak i

&9 T HL A A R T T B T S H TR AR R A

351 R=0.83(p<0.001)
30l 7501 5¢°+0.20x+0.03 ® e
R;,=0.76
o 25 b
S5 ° ?
A
o 20 ® o ®P o
)
E 15 ] @ (] @®
R () @ © &
10 e @ ‘ e
e (<}
sl o @ eg e o .
(¥4 ®
0 1 1 1
oy % 0.6 0.8 1.0
IVS{id

B 13 LZEHESEMEITS (IVS) 5 s iEmt % X B
Fig. 13 Correlation between integrated vulnerability score (IVS)
and historical failure probabilities

WHEI L F, BIEASHK TR 16.6 0 H M8 E
97.8 %, W HE R B4 %55 66. 7 %, &R HL
JEIE BhAR 22 ] S B o5 e TR A A e M

R9 TREEREMESH

Tab.9 Analysis of nodes voltage stabilities
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