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Fig.1 Topology of distribution network section
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Fig.2 Typical topology structure of distribution network
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Model-based hierarchical diagnosis method for distribution network faults
WANG Qiujie',JIN Tao',MEI Lipeng’,LIU Jun’
(1. College of Electrical Engineering and Automation,Fuzhou University, Fuzhou 350116, China;

2. Jiujiang Power Supply Company,State Grid Jiangxi Electric Power Co.,Ltd.,Jiujiang 332000, China)
Abstract: In order to solve the problems of model-based diagnosis method for distribution network faults,
such as slow diagnosis speed, low accuracy and low fault tolerance in diagnosis of multiple multi-phase
faults,a model-based hierarchical diagnosis method for distribution network faults is proposed. From the as-
pect of diagnosis algorithm,the new fitness function and the search strategy of feature learning are used to
improve the diagnosis speed and accuracy. In the diagnosis model, the single-layered single high-dimensio-
nal operations is transformed into two-layered multiple low-dimensional operations by a hierarchical approach,
which further improves the diagnosis speed and accuracy. The fault tolerance ability of the first layer diag-
nosis is improved by defining the constraint relation of the equivalent components, and that of the second
layer diagnosis is improved by using the redundancy relation of voltage constraints and current constraints.
Numerical examples show that compared with other diagnosis methods, the speed of model-based hierarchi-
cal diagnosis method is greatly improved, the accuracy is always maintained near the ideal value,and the
fault tolerance ability is obviously enhanced. In the fault diagnosis of large-scale distribution network, the
model-based hierarchical diagnosis method has obvious advantages.

Key words:distribution network;fault diagnosis;model-based diagnosis;hierarchical diagnosis
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Fig.B1 Flowchart of model-based hierarchical diagnosis
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Table C1 First layer analytic redundancy relation

AL TS

1 U,-U +(l,+1,)2,=0, U,-U +(,+1,)Z,=0, -l +1,+1,=0

2 u,-U,+1,(Z,+2,)=0,

—1,+1,=0

3 Ug—U +(l,+19Z, =0, Uy—U,+(l,+1)Z, =0, —l,+l,+1,=0

4 Ug—Ug +15(Zs+Z5)=0, —lg+1;=0

; U, -Ug+(, +1,)(Z,+Z)=0, —lg+1,+1,=0
Uy, U+ (1, +1,)(Z, +Z,)=0

6 Up,-U, +1,(2Z,+2,)=0, —1,+1,=0

FC2 H2 ol
TableC2 Diagnostic model of second layer

ARG Jutk {5 B AL
L2Ay Bsz LZBy Bsz chy Bzcv L3Ay B3Ay Lgsy B3Bv
SZ sz ng M4
Lacs Bac
Sz Laas Baar Lags Bags Lucsy Bac Ms, Mg, Mo
LSAy BSAy LSBy B5By L5cy Bscv LeAy BeAy LﬁBy Ber
Sy Ms, M7, Mg
Lecs Bec
L7a» B7as Lzs» B7es Lics Bics Lsas Bsas Lsss Bess
Ss Mg, Mig, M1, My
Lgcs Bsc
Loas Boa» Logs Bos» Locs Bocs Lioar Bioas Lios: Buoss
Se M, M1, Mg
Lioc, Bioc
Lua, Buas Luss Buss Luc: Buc» Lizas Biaas Lizss
S7 Biss Lizcs Biacs Lizas Bisas Lises Buases Lasc, Buscs Mis > Mis » Mig » M1z » Mg

Lisas Bisas Lisss Buss Liscs Biac
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Table C3 Analytic redundancy relation of second layer
ARG HRKFR

Uza-Uiat+(l2at1sa)Z14=0

Usa-Uiat+(l2at+154)Z14=0
~lia+loa+1sa=0
Uzs-Usp+(l2s+1s8)Z15=0
S1 Usg-Uip+(l28+1s8)Z18=0
-lig+l2p+155=0
Usc-Usc+(lactlsc)Z1c=0
Usc-Usc+(lactlsc)Z1c=0
~lict+lact1sc=0

U7a-Usatl7aZsp=0 ~lgatl72=0
U7s-Uge+178Z58=0 ~lgg+178=0

S Urc-Ugctl7cZsc=0 “lgc+l7c=0
’ Usa-U7a+lgaZea=0 ~l7a+1sp=0
Ugs-Urg+1ssZ6s=0 ~l7g+1gs=0
Usgc-UrctlscZoc=0 “lzc+lgc=0

cee e cee

R C4 JRmUN PR IL

Table C4 Minimum conflict set candidates of each layer

/MR AE T
CFLMCSli
H1E [RuJ-[R.].[Rs]-[Ra]-[Rs]-[Re]-[R/]
Crimcs?
Csimcst [Lias Bia]: [Liss Bis] » [Lics Bic]
[Lz/.\y BzA] ’ [Lsz BZB] ’ [LZC' BZC]
CsLmcs2
[Lsas Baals [Lss» Bsg] » [Lsc, Bac]
Csimcss [Lsas Baals [ Lass Bas] » [Lacs Bacl
[Lsa» Bsals [Lses Bsg] » [Lsc, Bscl
CsLmcsa
[Leas Beal: [Less Bes]ls [Lec, Bscl
[L7a» B7a] » [Lss» B7g] » [Lecs Bic]
B2 CsLmcss
[Lear Bsa] » [Les» Bss] » [Lec: Bacl
[Loas Boal, [Los» Bol: [Locs Boc]
CsLmcss
[Lioa» Bioa] » [Lioss Biog] » [Lioc, Bioc]
[Luas Bual » [Luss Bug] » [Lucs Bucl
[Li2as Bi2a]s  [Lizes Big]s  [Lizcs Biac]
CsLmcs?

[Lizas Biza]> [Lises Bisg] » [Lisc, Busc]

[Lisar Bisa]ls  [Lisss Busg] » [ Lisc: Buac]
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Table C5 Relative residuals of first layer constraint relation

HR/MRREE AHXS B2
37 RPN EER/TEAT N
Crimesct 0.0028 0.0083
Crimcscz 1.0346 1.1957
Crumcscs 0.0054 0.0079
Crimcsca 1.0454 1.1776
CrLmcscs 0.0479 0.0141
CrLmcscs 0.0335 0.0122
Crimcscr 0.1745 0.0091
% C6 754 S, MHIAT%
Table C6 Relative residuals of subsystems S,
S TN HHXS R 2
37 HELAH LERRAL
Csimest 0.0046 0.0073
CsLmcs2 0.0068 0.0086
CsLmcss 0.0078 0.0092
Csimcss 1.0245 1.15464
CsLmcss 1.0464 1.21481
CsiLmcss 1.0851 1.13464

F+ C7T T RS S, HIAHXT R ZE
Table C7 Relative residuals of S,

BN AHX % 22
532k HEZAH CERRAP
Csimcst 0.0032 0.0153
Csimes2 0.0034 0.0143
Csimess 0.0029 0.0134
Csimcss 1.0223 1.0243
Csimcss 1.0596 1.0382
Csimcss 1.0437 1.0343

& C8 5 2 F i/
Table C8 Minimum conflict set candidates of second layer

5 2 JRE R IRAR ot

SsLmc2 [Lsas Bsza]s [Lsss Bsg] 5 [Lacs Bacl

Ssimca [Leas Beal: [Les» Besl: [Lec: Becl
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Table C9 Minimum conflict set candidates for second layer

R HARES Booft

[LaA' Ly L3C]’[L3A' Basx'—sc]
[LaA' Ly B3C]’[L3A' B Bac]

SLMmHs2
[B3A' Lss’ L3C]’[BSA' Bas' Lac]
[B3A' Lss’ B3C]’[BSA' Bas' Bac]

SsLmH

[LGA’ LGB’ Lec]’[LaA’ BeB’ Lac]
S [LGA’ LGB’ Bec]v[LsA’ BBB’ Bac]

LMS4
[BGA’ LGB’ Lec]v[BaA’ BBB' Lac]
[BGA’ LGB’ Bsc]’[BaA’ BEB’ Bac]

F+ C10 MRt
Table C10 Fault probability sorting
1B L T MR

SSLMH2 SLMHS4 SLMHSZ SLMH54
[L3Ay L3B? L3C] [LGA? LGB] Lsc] 0.064 0.064
[L3Ay B3B? L3C] [LSA] B637 LGC] 0.016 0.016
[Lsar Lss» Bacl  [Lear Less Becl 0.016 0.016
[Bsar Lss» Lscl  [Bear Less Lecl 0.016 0.016
[L3Ay B3B? Bgc] [LSA] B637 BGC] 0.004 0.004
[B3Ay B3B, L3c] [BSAJ Bsg, Lsc] 0.004 0.004
[Bsar Lss» Bsc]  [Bear Less Becl 0.004 0.004
[Bsa» B3z, Bsc]  [Bear Bess Becl 0.001 0.001

| CLL 4L 5 2 2 S b R ki

Table C11 Minimum conflict set candidates for all levels after topology change

& Zm /MR AR A& ot
E1Z Crimcsi—Crimcss [R.[R5][Ra]-[R4] [Rs]
Csimcst [Lias Bia]s [Lis, Big]s [Lics Buc]

[L2as Baa]s [Los» Bag]s [Lacs Bac]
[Lsas Bsa]ls [Lss» Bsg]s [Lsc» Bsac]
C’sLmcs2

[Loa» Boa]s [Loe: Bel: [Loc: Baocl

[Lioas Bioals [Lioes Biog]s [Liocs Bioc]

Csimcss [Laas Baals [Lags Bag]s [Lacs Bacl

[Lsas Bsals [Lss» Bsgls [Lscs Bscl
F2E
[Leas Beal: [Les» Besl: [Lsc: Becl
C’sLmcsa
[Lisas Bisa]s [Lases Biss], [ Lisc, Busc]

[Lisns Bisals [Lises Bug]s [ Liacs Buac]

[L7Ay B7A]y [L7Br B7B]r [L7CV B7C]
[Leas Bsal: [Les» Bsg]: [Lec: Bacl
C’sLmcss

[Luas Buals [Luss Bugls [Lucs Bucl

[Li2as Bi2als [Lizes Bizg]s [Lizcs Biac]
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