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RESEARCH ON RESILIENCE ENHANCEMENT FOR
DISTRIBUTION NETWORK CONSIDERING
DISTRIBUTED FLEXIBLE RESOURCES

ABSTRACT

Affected by the global environment and climate, extreme weather
disasters occur frequently, seriously threatening the safe and stable
operation of the power system, and even causing large-scale power outages,
disrupting people's normal production and life order. Due to its complex
structure and wide distribution, the distribution network is more affected
by disasters. How to enhance the resilience of distribution network and
strengthen their ability to withstand extreme events has received
widespread attention in recent years. Distributed flexible resources such as
distributed generation (DG) and energy storage have the advantages of
high energy utilization, fast response, and security reliability, which can
provide important support for enhancing the resilience of the distribution
network. Therefore, this article focuses on how to utilize distributed
flexible resources to enhance the resilience of the distribution network. The
main tasks include:

(1) Firstly, analyze the effect of extreme weather disasters on the
distribution network. For instance, in the case of typhoon weather, build a

typhoon disturbance model to quantify the impact of typhoons on the
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distribution network lines. By measuring the load on the distribution
network caused by typhoons and the strength of components, obtain the
probability model of component failure and the probability of distribution
network line failure; Then, using the Monte Carlo simulation method for
random sampling, generate distribution network fault scenarios under
typhoon disasters; Finally, conduct simulation experiments on the
MATLAB platform.

(2) Researched a method for enhancing the resilience of distribution
network considering distributed generation. Firstly, the importance of each
node in the distribution network is evaluated through network centrality
indicators, and based on this, the pre-disaster layout of DG is carried out;
Secondly, based on the DG pre-layout plan, an island partitioning model is
constructed with the goal of maximizing the power value of the recovered
loads within the island, to achieve priority restoration of power supply for
important loads in the system after a disaster; Then, with the goal of
minimizing network loss, minimizing switch actions, and minimizing node
voltage deviation in the distribution network, a multi-objective restorative
reconstruction model is constructed for the main network and the
remaining network, further restoring power supply to the remaining power
loss load areas; Finally, the IEEE33 node distribution system is selected as
an example for simulation analysis. The results show that this method can
provide a reasonable recovery plan after a distribution system fault,
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significantly enhancing the resilience of the distribution network.

(3) A multi-source collaborative approach for enhancing the resilience
of distribution network is offered to fully utilize the complementary
characteristics of multiple distributed flexibility resources. Considering the
coordination and cooperation between the pre-disaster and post-disaster
stages, the power supply in the power loss areas of the distribution network
can be quickly restored and the load loss can be reduced. In the pre-disaster
prevention stage, considering the uncertainty of photovoltaic unit output
and the importance of load, establish a pre-layout model for mobile energy
storage system (MESS) before disasters; In the post-disaster recovery stage,
coordinate and optimize the scheduling of various elastic resources in the
distribution system to achieve priority recovery of important loads after
disasters. The simulation results show that the proposed method can
significantly increase the post-disaster load restoration rate and enhance
system resilience.

Huang Shijing (Electronic Information)

Supervised by Prof. Shilin Liu

KEY WORDS: distribution network, resilience enhancement, distributed

generation, mobile energy storage system, pre-layout, fault recovery
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A, B RIRIUIPIRAE N AT SE FOBER;  p FORTO IR R AR O

DIRERR U R PR«
Z=R-S (2-27)
X, RFERTTHRIGRE; S FRom B RAar &M B 48 77 LS AT 2 5

WA T TSR Batts & XA AL, 3755000 325 5 (0 XGEE BLR X T )
R ERAS o CREEAE NN, A XA R R, AT AR BIAE G K T X
AN, BIS o FH AR rp OR 2 18 X DL XU RS AN sE I, TR S J
EME. P 2-8 J RS LR AL o () FITCAFr BN 2 I R R . B RE
DRI IR R—S < ORIMESR, RITTH )RR H
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(2) TR HEELR
U, <U, <U, (3-7)

imin —

A, U R A EME; U, Uy 20 RR T S E B RR,
(3) SCEEHIRLIR
<, (3-8)
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IS HARR A A0 2 B ARICAL A R A R P G N R M, AR A
B H b ek B IS IR DO, X ARG . AABLSRATET, BTAA
H AR R B R A SR A G, BT H b pR BCARAE [ I U e DL g2 A
ASEELA . H AT BB B S SN S ET VPO BR R A B e
B, K2 BAR RN REVP B R AOUE . 787> H 8% B s E 2,
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3.4.3 BT BN EERIREK R

ALO FRR—Mopr MR B e 5%, T HE S TRNE. Rt
BL DL AG S Ems,  EA5 EAE AL ) R Ge & DAL 1)y T B A — 58 I e
pEen,

ALO (i 0o JE B R S A AL UL SO AE [ 48 57 rh A e s AL, AT S B 4
. M E e ZRIERP, BURS AL LRIz MER BB, Ei25
BEBFOT 2 Ja, R TR BT AR AR S A P I B o 5 e A AL AE 1 A
FAGIN, SO LZVR HAf &, JFEB A IERE P, S0k — R i
ALO P HUE R A 7 ik e DL P8 22 IR (R s DIk 2R, 3 S ORi R R B AT LU
A MIERABETT. s AR, s, BTGRP 5 A EEP
DRORE SR ) FELARAL o A SCAE B i R P BE AL ) 0 SRS B TR 2 R R,
it B 2 W e PR AL ARG S SEms i Ok 7 AL R P 2 R0, (RIS HB92
L SAE AU TERE . WOV B DE T N I B SO BRI B A B, ST
AT B g, TR IR FAT B e i B PR B A, L 5 Sl AL e D 88 P 4 82 BE
5774k, ALO BIEM AP RN

35



RT3

(1) WG ALO S8, 2 1 R pR B4k 5 Dim . WIS R i i,

KIARYHT, , AR RRE L FIRU FIL, , FEBHLHILE i i E
X;q =L, +rand(U, -L,) (3-18)
A, X, FoRBIAE, e, =12, d, =12, Dim.

4 i A A BAC BT R AE ARG A, s 3200 F AR R O 5
IR 388 57 BE MBI 52 FRAE I OB 6 7 BB A A7 il R A, v, BION 58
WIS 4y AR I

(2) MHIUEESE S A, i £ T S FEE L R o B8 S Al 5 5 S 3L Hor 2
o bR BORS SO R, > 7] A HR IO (RGP, 380 P 25T s LA S B —
MR, » B IASE R, AR EATRENLIEE , MR MEILAE, TR LA B
F Tk WSICRIRERLIEE 2 i

X(t,) =[0,cumsum(2r,(t,,) —1), cumsum(2r, (t,,) -1),---, cumsum(2r1(tyTy )-1] (3-19)

A, X(t) B AL E st v T A D K, BN s AR
cumsum KRB IR BEA L E AL B B R 0:  n(t,) R —DEENLE %, H
£(t) = 0, rand <0.5 (3-20)
71, rand > 05 )

A, rand R4 0,1 19 EI 514 A B HLEL
PEARALSLER R, K B HL I A SRR — (L AREE, 44 HA30 7 — 2 1O
)5 FEL A, S o B R R
X —a)d -¢)
b —a '
R, Xy RS I A BRIELAL, VG AL E o RAEH T AN RAER
BUBEIL R PRI b RE T AV RN E I R i B o) Fic) %
AEREAR L, YO AR 7B LIE I i b R IR
ELUSCZE T i 5 AU D BRI LI A, WIS T RETE N B ot 00 T A 1
OISR BT, B AT $OF

X =

(3-21)

¢’ = Antlion} +c” (3-22)
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