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Fault Identification Simulation of Distribution Network Based on Digital Twin with Local Abnormal Factors

LIANG Haisheng

(State Grid Shanghai Electric Power Company Economic and Technical Research Institute,
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Abstract: In order to further improve the accuracy of fault identification of local abnormal factors in
distribution network, a digital twin based fault identification simulation of local abnormal factors in distribution
network was proposed. Through real-time acquisition of electrical parameters of distribution network operation and
preprocessing , the fault feature matrix based on time series was extracted , and the multidimensional scaling (MDS)
method was used to detect the abnormal physical nodes of distribution network from the reduced dimension fault
features. Then, the fault section corresponding to the abnormal physical nodes was obtained according to the
distribution network topology. Finally, the local abnormal factor value corresponding to each physical node was
calculated with local outlier factor (LOF) algorithm, so as to obtain the fault diagnosis results and complete the
accurate identification of distribution network faults. The simulation results show that the proposed method can
achieve accurate identification of distribution network faults.
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Fig.1 ~ Operation feature extraction process of distribution network

H T8 2R A R B A A L R P
BTG L B AT IS W B L B T
TR FJHRC A 19 F) A DR S o ) 0 51 A
TC FEL PO A [5) SR A B 22l g 3 PR 2 8k e 91, 3R
IR AT s

Qi Q. - 0

QL: 0:2.1 Q:z.z Q:Z.r (2)

Q. Q. - Qi

Arf QW B B B AT R IR B T, 2R
W1 Fe 5 DX ¢ SR A B B 11803808 . 70 7 5080 5 Q1 W TC
F, D380 S DR S B I 91

PR 2 BT R BT R H B 8
1B DA B R AS S A L, 2 B P ) 2k B IR 25 A
AR R, FeT AR AR AE B L S 1T R
Z I, 75 L T AR A IR B X 1 — &R
GFREAE , AT 58 BN G 1 Z) 1

AT LR 0 i I H B 51 E D
K AR A A ST S T H X L AT S DA R 2k
BB T RS AR A5 5 , 8 3 X A 19 [X ]
AR R SE T R B S

HENT AR A B, 8 B HL ) H B Ry DAY
253y, WA A R s A W AT R v, R I HL )
DR s DL S AR U6 v 1 DT R 38 6 1R S T FAL 9
R R bR PR GHAR Y =y oyl B
o LRI B BRI AR 28 1 X I, 35 BCHE FEL D 4% 2
S H U xR R A 2 v /M 3R x, LA S H A
2RI PR 238 v 1 R TEC FEL DO 2 OIS R AIE , A 2 3R
FX = {0 xw00, TER

67



AT 2024F F54% FTH

Rk A THFF LG FAHFFFEFTEIREHAGRL

PR3l TRCHRIB TS A TEA T ETE , 2
Wt 217 SR AR PR T A A A T S R AR, TN
I E AR A B TEC F R EARAE: | 7 4G 45 T FRL 1Y
P s A7 8, oK 2 R BSE B Bl S8 1 E L 1)
AB AT PRSI 2, AT AR HCE F I A £ B T R
JERFHES

S TR AR IR A R AR — BT Y 9
FEARFPIUE PR HBE IR A ={ A Ay Ay AL
X, HE AP BC L 9 g S0 B AR A BB RE AR A
A AR BEECE VB SRS, PR
A TR R R T T  ZRIOEC HL ) HAEAS &
(14 4% TR AIE 1) H{EL A, = { @i}, AEIE B
PRSI pi A WA BiE Ui g R ]
T S IR 2 R e IS T SR R AR, BLAR
eI BEARBGR AR AN R AR -

(a, - Ea,)*
a‘:e_ 2En? (3)
;

o BRI SRE B Ea, Wil BERIB I 5 a,
SR TC FEL DR R R 285 5 A T FEL T 7 S 5080 P R S
AT 5 e = BERY RSB B2 53 A1 5 En, 2R TC FAL I
D S B AR S A B SR w
fJE T LR R o7 BOBC F NGB T R AR
ZE VA Iy s 5 e s i B ) AR B, AT S 30 6 i rE
W 3z 17 AR 2 i, 56 R G L M A AT AR AE Y
R,
1.2 BECEB M FESFIEIREN
R AR 221 1) 1 5 FEL s A PR A, X T L R B
S R A e E X L 8 e T P 5 R B A 2 AR
ki 5 S PRl e =z 18] 1 22 5 o0) be g R, B AT ZRHR
ct L D) P 55 B A A o
4 T 22 T 4 4 T s 0 T L ) SR R Y
IRAST BCH POz 1725000 |, J13m 2k AT 1% P i I £
B R A R AR L HL ) n AP A TR R b
FhBCBERRAE, S B AN 2R
8., =180, .00} (4)
120000, ++.00, AHECHE M o B TR T # K
mm&%ﬁﬂdﬁ%%&%ﬂ%%ﬁ%%o
A T FE E DO AS [R)PR S T 4 3 s AR A {1 22 57
B, PRI AT 356 T o A Ak B 7 3 6 i o R 52
bR AE L AL PR, 255 40 s
a—iia
o, = — (5)
n-1 z - E,Zb\;)

28, ARMEAL IS BCHL I n AN FEAR 58] il By
68

[ T

bR AL 45 5
2 Eew W EHEIR Tk

TS FL X H IS AT I, AR FL RS S s TR
A RFAE 25008 A B A 7 1 e R A A
A7 )i 2 B T T I 25 S5, A B A 5 a5 e 4 S ()
W R AL, AFEAE S0 o (HR, S BCA X
o B e R XYY A B T IR Y
S EAT SRR R — 2 BT LA, A H
FF R DA S e JRy 3 5 R ARG 0 245 2R 52 B T
L, oA A5 5 14 A

ﬁvﬁiﬁca‘dﬁﬁ@ﬂﬁﬁHﬁjﬁﬁﬁl%ﬁﬂﬁ,%%ﬁ

L = AN IR S E )R S R R

S, 4350 A B A BB B Bl R
HR Al b 34 2 I e e ) i 8 AR AIE |, DA U Sy i il
A B 3 RN 23 AR S 5V S L AR IR
R 3 BB A4) 5 T e Ko T L DR 5 i 5 4 Ak L)
S5 o0 M Y BS0HE 245 TR Jre T T R O S S S IR T
i B, SR T R ) R S S PR R
ﬁﬂiﬁvnz
21 MDSit#E

MDS J7 2% 32 5L 2 AR 45 150 L 7y A 7 &5 a] vh
) AF AT B B 25 6 3R Y o5 2 (B A A B R . B
DOR A 55 A 4D DO L L 5 B 8 A K T I R T A
IR (A, DR O AT A 4 T H P25 T AR R G
RIGHTEE T, XF AR T L ) B A 7] 2 SICfe
FEEb B LR RN T

1) 35 F RROL LA I 2 3 DA R CHR S i T e
B, ) e T L X4 ) AL R e, AR B A
PIER IR, 45 R0 F s

¢

d; = Z(% - xﬂ)z (6)

A ex, a0, JPRESHERE P AT R AT AR v AR
(B & D RASFEHCE 5 ), S TG F 3 A5 7 7 4 5 T
H AR X IR S

2) T R AR R MR AR AR, 3R A
DA, %E@ﬁ%i%i?ﬁ%fﬁﬂﬂ?ﬁr%:

0, = ——d2+— Zdz ) -
=

i 2

P o T L R R BN AR BRAE R TR
3) FE T AR BE HL R L 9 AL B
MEIC R, BRI [R] 9 AR AR LA R TE A2 AR R AR



N

BA A THFEAGRY N BT E B FHEHRG A

AT 2024F F54% FTH

) i, RN R SR
n,=2n,20
Tl ) 2 . (8)
L =m, =12

A m o D R AR 5 o, D TESSRFAE 1] 4

4) FEF AR L L I 4T 05 1E SE RRAE 1) i, A
7 C L X A TESS AR RRE ) R T = ey,
P AT 1o T R )R A R o
Ak J5 — 4k 7S (B AR AR A
22 BEREBNEZITREREBERERF

DR W IR B A 2o B 2 o BT A B L T
LOF B35 it e P90 7 ok Jo FF 35 2, 3K BT b W)
SEHT N AR Y A R SRR W e
L O 5 i S 7R ST L IO B P R T R, L
R

1) B ARG 00 4 R oo 2 Ak B SR, R I A
AN TCHL P S S AR AR S R MR A R S O
1 K (p)TE

2)MRAE BRI A R 1 R e L )
AR IR T AR A A M A p ) T SRS TN
5 S p Z I BN T s p 1 KB (E, 26
I A R

M Ap)=1{qe M {dist(pq)} <K, (p)} (9)
A dist(p.g) Fy 15 5 g 519 8 p Z 0] %5 (B HE S
M p } R BEE T s AR S

3) T AR AE R AR IET f X 49 A5 p A
X A A 2 (B A J 3 Tk B B A, DA SRR
W a5, 22 1] A JR 3 Rk R A R R B A
T :

W, (p.g)=max{ K, (¢q). K, (p.g)}

M {p}l (10)

> Wolpg)
2 Wy (pag) 271 5502 8] A Jmy 35 1T 34 B 85 5
S.ux(p) R ER AT IR RE 5 IM L p Y10 i p B K2
BT R

4) BT FRARIO & IS A, T H R A%
AN SRR LR SR A Y R AR R R R T
S, (p), BRI 2R

Snz,k (P )=

z Srd.k(p)
gt Sdl.(q)

Sk(P)=W (11)

FLT b IR A R JR e S D (RS R, Y i
FEL IR p PAY PR IAE {EL P L i 25 R E AR X R
RSN 1R DG B B s B LS B B P IR [R5

Koo 222 N E A R 3 A5 A Jmg 988 S o TN 4K
AN E B IS AT AT S AL S R
— 2R, WA P A SAFAE SRR T o IR L R A7 A
BRI R DI Y R AN 2 SR — 2, TR
O B S AT o PRI, ARSI F R i R R A
TBEE L LOF % E 19 i, PEAR I 15 L 39 1 S B
TSR, 58 UC F B AR U1

3 A BIESHT

ST UE A T EE N R R ik A
AR, 53 50 SR TS T 8 22 A 10 T e ) s 8 S
PR TR Ok T4 1% ) TR FRL PP
Wi o1, 7 B MRSy 92 A 208 A R R RURIR 5 (SR
[1-2175 %5 ) 6T 22 451 490 0 1 T P D90 422 4
B IR 1 (SCHR[3-41)7 % ) T Jre T F oo g o 3
P, DA IEAS [R] 32 70 T miL P9 e i 9 3 A 1
AR
31 HEEH

W3t 35 A5 v 1] PSCAD 47 BLAR (4 40 5
27 A1 A 10 KV EC L 0 AR AR EL AR F 1)

- 4 —
I EE RN 2 FR
BLHL 5 T @
0
1 $ 49
7T 18
2 17
se
3 " 19
4 9 o—92]
22
10
U 23
116 24
12¢ 25
1304 26
14
Uz
156
16

P2 BEHL Y R A 1]

Fig.2  Node structure of distribution network
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