L F X R R

Automation of Electric Power Systems

DOI: 10. 7500/ AEPS20190529007

Vol. 44 No. 13 Jul. 10,2020

& YR R 3 L 205 0125 PR B T U T B

ARV BEBRT, RERS, BEEES, KEME®, KEX!
(1. M KFRESEE TR%E, WA KD 410082;
2. ma AR A B2 w) CIEL R A g B F e B A BRA D), VL9844 M At 2110005
3. EMMR A A RA AR RET R b, WIR A KT 4100005
4. [ I R A A R RN R R A A R A A T 425000)

TE: Bmm R SHL TRAABERENE RS RO HER LA e B FRAR, R
AR FHEEXRRTEIALERAA AL HARGE LTRSS F4EHESNGE
KA Ay, X PEA B ANGHIEEEREFLSAE, BT IEEEERTREDE, 00N E
Bk A SR AP S EIRMAKE, Es BB A A L ST EMA, &4 DSIE
R EREIMN, S HERFRIZE ST F4 RSUEE AN AL, 52 FL
BETHETENENNAZ LT R TIAKENGEERA

LR 12w oH; Bow Aaith; KEIE; MELAL; DSIEEE B,

0 518

B H AT, E S A b DAY TE F X 2 ey 1 A
A PR R 2 2 B R EAT A Sh A B0E | A — b I
FYTC HE [ B4k i i 2 AR R 28 T /K P AT 25 0 Ak 4%
B, 3k BUIR 245 H S 0 R E 6 IR T B Al
% NG 2B 5%, 3R RIOR AR, 5 2 43 DXk ) 45
HL S A7 B W0 2% R T O T g A ik
PR R i REAS RN R FH R, 35 4348 9 H I Al 2R
A HC B Ak, R a4 4 L R N RS
REFHEMBITE B o AP WA M EE B K
MEH LA LEREMLS RS, NILETA
G AR AE ER B 1 R G 0 TR S IR T R B bR fE AL
PR DL K 5% 58 G T T B A W) e A

L HAGEEZBCH B SR LB, 7
e bn i TP 4, © B A T JE B 5 B8 HE A 3
LB B, 15 HiL 45 B R 4t (outage management system,,
OMS ) B fil) B~ 4 Jt e [ 455 vl 1] ] LA K 42 452 PR
LR IR S A B AR St 4 e g P AN
R AR . 5 A M L, v I 3 A AR AN [
PER A B F AR B M A O ARG — , 6hb
L B 25 M Ak 19 M5 B0 B I 20 T L olk i IR b
U gR A R o A Ak X, T H sk

BoAG B A 2019-05-29; 5@ B M. 2019-11-07
LR B # XXXX-XX-XX,
F W &) AR B (5216A019000R) o

150

AU i b TR AR AT B B B 2k B Bl Ak = T
R 5% R 3 BT 1 S B B, R S RN R R R o7
P A B M o8 A RO T 2R i L B 3l Ak 2 o 1Y) A 5 T
B o A T PR A B R SR, iR R 2 A T T
3L W 2 2K a1 %% (feeder terminal unit,
FTU) JF M T £ 3 % 45 (distribution terminal unit,
DTU) 45 2 i {5 5 W il B 2 007 7 ¥, B0 DL £ %
A A O AR SN TR R ALY Uk
(8 T FHAS [ DX 358 375 559 0% 4 S e s B 220 ) — B0k
SRR T AR S e A H bR R . BB A
hA R B, 2 M v (R AE ST A B A
BF A RIROCR T A — 2 BR M . [EAh— b2z 42
HR R T 3 e /N D A 8 B VR AR A P R 5 A ok BT £ Ik
B, ST S /0N DB TR 7 TR O e o7 o O
SCHRL 10 B iR T —Fhai FH 42 1) 40 Al 3 40 9 B 43
e 52 2 A7 B3, AR A A T %) TR 4 % A 28k i) 340 Al 2
S5 A FH B TR AR T SRR X R . SCER[9-10 o 5 R
T8 A A R A R 0 R BR A G Y R A )
6 8 s iR S, Bk = A %00 A U8 AN TS S
J7E T2 G s BLES F R A . AE R A IS A
TR EAT I FE I il R S o7 B R 2 A 0 7 R B TC H Y
SEBRE B, A A EE SIS RE B B B TR B
SEHE Y BE Al b SO AR AT 0 DS IR BEIS X T
HE 1 i B E A R, A HU AR S SR T ik, BT
VLA iF @l A 22 E 5 VR GIE P, B A b AR 4R R) B R
Bl 5 P, 76 2410 22 S TSR AR B T R A SRR



AR SCHE T4 157 FL A 0 VR b T AR 57 FRL S ) S —
BT 1) 22 54k B R T I A 455 R 0 BT SR O %
G 1 FHAE Sl A 2 0 B o AN S A5 1R 45k e
A3 AT B S BRAE L SR A 5 43 )2 4 G B B 0 BIL R &5
DS UF 9 B i 57k, XoF 45 i =5 1 SRS 40 M R 4 3l
A S TT 5 T 56 K 0 25 K A4 HL Tt 4 AR B s L Y
SRR A5 Rl 55 7

1T MRAREEHIELES R

1.1 A%

AR R BT AR R A R
ol 9 55 B4, 7 2 Bl b S A F TR o R R 45 e
P BT, ) AL i A5 F ) e e D] 3 e 5 R
N S5 A AT i AN G — 8 B, — T A Bl g5 A
ST 3l 58 G R S8 48, 5 — T T AT LA TR R A
B AL, AU e P 452 R ) BB 5 R S )

BRI

,,,,,,,

TRERERL

********

I Ik N B R K SR iR Ui e

FH AR AL 2t BE Al B J= 2 4R A )ZE k55 T
B AL 2 AU BRI = 02 U S i A sl ik
Tl RGBS BLA YO A SR R LR
4 (energy management system, EMS) \fit #8 H 3l b
% 4¢ (distribution management system, DMS) | F #2
FERERS EHEMAR LEETEHRR
(power production management system, PMS) | 1l 3
{5 B & 4t (geographic information system, GIS) 25\l
%5 R GUBE R BALE T8 A R0 O 45 2R LA S
FEN R o B b 3 3 58 03 A 2 B T R 23 A
G LA B 2 B B A5 B R AT 45 e Al
55 LT )2 S A ST TE £ B o A B Al b A R S5 A £k
5 HL A L T v, YR i e T L 0 552 5 I 1 O T
I Xof g s B R e it o BOHE 3 = 2 R A% B
B o BT Bl 55 B S B AL B R A U A L R S
Pl 22 B, R R HE SR A 15T 1 s o

—_——— e —

[ RS A |

[ rEsERE |

|
2 ! |
i | [ | [ B |
PA | |

|

|

I EMS " DMS " PMS

TR ARG

WAL |

| |
ilFﬁE&lHlmM%%lHlm@EﬁlHlFE%%IH RS ) [

| | |
| CaAfs | 1) ) | GHne | ) (ReGe ) [en) | ez

,,,,,,,, L |

1 ERBEEIER

Fig.1 Overall framework of power outage pool
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Fig. 2 Schematic diagram of splicing maintenance of
main network and distribution network model
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Fig. 3 Flow chart of line-wide power outage hierarchical

grading judgment
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Fig. 4 Flow chart of feeder level branch line
power outage judgment
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Fig.5 Flow chart of distribution area-level branch line
power outage judgment
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Function Design of Power Outage Information Pool for Provincial Distribution Automation Main Station

HUA Len', QIAN Yulin*, ZHU Jiran’, TANG Haiguo®, ZHANG Weiwei*, ZHANG Haiwen'
(1. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China; 2. NARI Group Corporation
(State Grid Electric Power Research Institute), Nanjing 211106, China; 3. Electric Power Research Institude of State Grid Hunan
Electric Power Company Limited, Changsha 410004, China; 4. Yongzhou Electric Power Supply Company of State Grid Hunan
Electric Power Company Limited, Yongzhou 425000, China)

Abstract: The construction of distribution network automation is still in a large-scale pilot stage. In many areas, the means of fault
information perception and location are limited. The information of different power outage events come from multiple business
systems. It is particularly urgent to achieve accurate analysis of power outage events under limited conditions. Combining with the
actual business process of power outage management of the power utilities, this paper designs the function of power outage
information resource pool, comprehensively analyzes the data of multi-layer main network and distribution network of substations,
feeders, distribution transformer areas and users, establishes the signal credibility model on the basis of hierarchical study and
judgment. Combined with DS evidence theory algorithm fusion analysis, multi-dimensional flexible mining and analysis of power
outage events, improve fault tolerance of fault location, meet the requirements of building a reliable structured power outage
information resource pool to achieve data sharing and publishing in different scenarios.
This work is supported by State Grid Corporation of China (No. 5216 A019000R ).

Key words: power outage analysis; distribution automation; big data; fault location; DS evidence theory

156



R AT TS T e
Bif 3% A

DS HEHE #Lis h RBIHESE U JE i B HA BRAS B9 R 2 58 G o mofE U ISR 253 (ba-
sic probability assignment, BPA) pR#, m:2" — [0, 1], HLi# 2L

m() =0 (A1)
>im(A)=1 (A2)
Horhom (A) g A B REARTTE BE AU (AD) FRoR 2 SR TAF BE AR 24 0, 30 (A2) 7R T A fir LI T A5 BE 2 A 1
1B N A AF BIER R 0 AR, BEASME AR INBE N 1, iy, g, e eee co s, WS E AT A B S7 8 Al LA
A3 R LR Z ARG R A 5 O
0,A=(
m(A): 1i/€ Z H mj(A,),Ai@ (A3)
e AR w5 AR AR
b= E H mj(A,») (A4)
A, =0 1<j<n

F ST 2% UE A 6] 1 v R JEE L A T O M1 1 2 (8], A R A 5 A B2 Ay, e =2 37 i R A B /N o

B sre T 28 B0 7S 9] S T R SR g | 20 B O O A A ELIRC 7 ) 5t 2 ) Sl A T FRL R ok e FRL 0 — S O
B, FE O3 Oy i S R 0 2% N BT 00 2% 5 ) R T LE R TEC R I Y S A A A, O T R A R DX I, — ik
TR 5 22 1 o B0 B o B LA TR AR D RE Al B 7 4% o LATEI R A KN TIT A R O 1), I AR R, CB 3R

F5

P5

Al HEZLERGIA
Fig. A1 Wiring diagram example A

N ARE S1-S2-S3 TR XSk Az T 6 ik B, 45 15 5 o8 4, AR 43 J2 4 R U RN, 45 65 3 N A 5 i
F 15k i B F A 2 /5 B AT 434t B IX M) 78 (S1,S2,S3) . 7EF4 & 4E1RE H P58 L E S IR M T,
3= 3l W B B AE DG AT 5 AL 4R T % 2% CB 436 I, i i AR 375 %5 F L F4 2 i B 8l 4, P1.P2 . P3.P4.P5.P6
G XA AR 5 RS YR H ST 56 TS A W55, DL RS 2B P4 PSAMNITAE & XN E {55, P4
B PR 5 o AR 2R BT I 2 R S 4 R 2 AR S T A SRR X R] A (S3,S4) L (P4) 4R 35 & X P4
I LA 5 T HE BT A L R (S1,S2,S3) AR 4 P56 HiLAE 5 #E W7 L Oy (S3,S4) , MR 48 FH P 4 B {5 5 1 i 7 3
BBl & (P4) ((S1,S2,S3) . ¥efE8elBab ) )5 vk, Y F4 KRR IR 2 S 80T 45 5 o F4 R i X & A= kb, 1
(S3,S4), DT 2500 FH £ 4l 3 30 i s, (L5 e DX ) A% 1 A 2 137

HR A I3 5 B4R St 3, A M T A 4 B e e R £ DX R A LR Dl 6 L 1, IOF

http : //www.aeps-info.com 157



2020, 44(13) cHHEEFE -

m(s.5).(r)) = {3.4]
M.{(5..5..5.)} =1

(s8] -

M{($1,828:).(P.)} = {?%}

il NG 5 — M3 S T EE SR 0 T T X IS S VERE R A L . R 5 X RAE T AR R T {5 B A A
WAL, £ X PSESMIRIRE N 70% , & X PAE S IR TN 20% , FLIR S HE %0 10% , F4 (1% 5 i %k
40% , WA /R 2R A5 S MER A R N 5490, P5 {5 S e L MER O 3090, P R R A AR AR 2 MR B IE R AL
Al &% A XAG S W R 0.8, #hiT W ANBG | ol ik 5 E 4 =X (A6) FiF R -

M{{(5..5.).(P.). &} = {0.46,0.08,0.46}

(A5)

MZ/{(517527SB)7®} — {08,02}

(A6)
M{(S,,8.), D} ={0.3,0.7}
M{(51.5..5.).(P.). T} = {0.69,0.11,0.2}
L (A3 XX 4 SRS ATl G R4 X (A4) R TTEEE R R 0.81 AR A 215 220 (AT) i
M{(S..5,)} = 0.029
M{(s,,8.,8,)} =0.937
{( )} (A7)

M{(P.)} =0.0012

M {D} =0.067

4 M B i A RN, AP A2 B o R W B 2 S S A CB A ] i R A, s
AR BOTE TR OO F Lk O 8RR A, 18 G a9 090 07 3 0 22 DR O k2> FA I 52 B 5 8 it — 20 /Y
B E A

PS5
A2 BZERGIB
Fig. A2 Wiring diagram example B

Fie 03 2 53 AT 1) 7 i MR ol N5 5 Rt A 5 T DL 2 B X 8] M (S, S,, S,) (P R IE & IX P2k HL
55 FTHE W A A (S), S,, Ss) , AR PS5 2% HLME S 4 WV B oA (Sy, Sy, AR I P 3R I A5 5 1 R 0 3 T 2
(P4).(S,,S,,S,) , X 4 L iE P El &1 1B J5 W (A8) i

158



I Ik N B R K SR iR Ui e

M{(5..5..5,)} =0.072
M{(S..5,)} = 0.006
M{(S,.5..5.)} =0.901 (A8)

M{(P.)} = 0.0029

M {D} = 0.023

FR A Al 25 SR 0T LU 51 76 0 B 55 1R i el 2 2o 7 5 AN S8 B i s 0T, 45 6 MER IR 0 BE A TE 3 RIS
AR B R DX R D SR 45 SR ¥ R (S0, S,, Ss) , 5 IR FHAT AR 47 s R ke T 5 5 I X &5 SR s . DL
B 2 Sl A A& Ry 1], 24 455t 7 FH 9 3R B SE B RS B R LR B e BT A SR IR = ek S BB AR IR R R 4G
B R 55 F5 ¥ & L sE L E s 8 TR pg IR & MR — 25 i R 4618, B A R 2 40 S0 i 4 3 ol AR gk i, R
=R Dy sk i, O B I R B A

http : //www.aeps-info.com 159



