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Distribution network fault location method based on the sudden drop ratio of feeder active load

YANG Chenxit, MA Jie!, YANG Wei!, YANG Fangit, YANG Xihang?, HUANG Chun?
(1. Kunming Power Supply Bureau, Yunnan Power Grid Co., Ltd., Kunming 650011, China;
2. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: It is difficult to accurately and quickly locate the fault section and outage range after power failure in a
distribution network with low-level automation. To solve this problem, a fault location and diagnosis method based on
sudden drop ratio (SDR) of the feeder active load is proposed. After the feeder SDR exceeds a certain threshold, the active
power of each distribution transformer on the faulty feeder is predicted using the historical load data in the metering
automation system, and the load proportion of each switch is calculated. By comparing the feeder SDR and the power
proportion of each switch, the fault trip switch and power failure range are judged. Analysis of the results of an
engineering example show that the method can accurately locate the fault trip switch, and has good real-time performance.
It provides a new fault diagnosis technique for a distribution network independent of the distribution network automation
system.
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Fig. 1 Real-time monitoring of feeder current in OCS
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Fig. 2 Probability distribution of load sag for normal feeder
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load and meteorological parameters
BRI AR CPRGE ROKRE BERE

Aoz 1 0.622 -0.593 0.016 -0.270 -0.211
A 2 0.657 -0.611 0.030 -0.344 0.262
ACAs 3 0.618 -0.570 0.223 -0.354 -0.269
ACAE 4 0.556 -0.517 0.080 -0.271 -0.201
A4 5 0.495 -0.453 0.156 -0.370 -0.314
ALAZ 6 0.609 -0.552 0.141 -0.394 -0.276
ficAs 7 0.146 -0.143 0.133 -0.204 -0.275

HI& 2 ATLUE M. BR TRCAS 7 4b, HeAZ 1—6
BWEIEREMRK, ERBAR TS5 AR TR EER
IRV IR R I 22 57 UK 5 AR HEAT O A2 0 Ay TR
5 75 FEAN R G A FN BCAR T A A [FIRE P PR R o



WVoleik, 55 ST USER DA R I L A I R I PRI ) g v - 147 -

2.3 ETHEIBRECZE St

T T A% 71 A 5 5 2 5 B A AR5 DR 2R R R K
SIATHIFERL b, X O AR o ) 4k R TR A
FEABAE PR AL T DA B 26 A5 G IR 3 A UL 2 1) A 4B
Ho —30BeAR g7 5 2R A i AR IR AR
AP 55 (e E ) s A 5 H 2R A ARG, T Ap
UK b sk S0 1 42 A B AR BL H

5 O TR AR EL, B3 AT ) AN 75 S
BCASHER ) FAf B, R TR EE AT 2 h N EA D)
T o ARSCKARE S R AR /T 2 h R . A5
ZH05 7 5 H RN B2k 0 5 2 S50 A AU
PEREATARBL H AL L.

2.3.1 H:T DTW B B8 )58 f i AH AL H i Y

TERCMSERRIZATH, T E SR GRAE 1IT
AR B R A AR AR IR AR BRI A IG OL,  BI A7 s £
P H A S ERREE . RA Pearson AHK
REEEHROITEBATRAUME 73 4, 75 e Hds
BEATTACEE, SRR AE, xR B S B
B REI TR R, SRR E B H Pearson
FHR R R 5574 BRI TE T IRA 6, 5 e iR/
Tk, PR TP SRR REH L “TEAH
Bk, AEASAREL” I, BOREZE .

A SR FH 35 625 i (Dynamic Time Warping,
DTW) B3 v 540k 26 & 57 A 5 0 A8 47 47 1) P A 1A
FE, DLEHUBR AR i AL H (R SO IR IR AR L) o

DTW S BRI AR, A 2 e e
S PRI 7] R R 504 3R 19 o [) 5 41) 2 1) ) [
NP ZR, fRASHE 5 VTR 2R B8 /N e
Bkt DTW B REEH B B 1 W I 8] 5741 2
AR e A, e 0 2 (A1 B/ 5 52 ek (] 4
FE R BT I SR R . DTW BVERE TSRS
KN TB] 3 55 S I ARALRE , BTN il Hictts 1) ol 2 A
FEwANBUR, R, ANTREDN BRGS0
AT TALBE

XF T8 7 5] S ={s,s,,+, S, Sy } A T F)
H={h,hy,-- by, hy } Z I8 DTW B D(S, H)

D(S,H) = f(N,M) (4)
F,5-1

f(i,j)=d(s,h)+min{ (-1 j) (5)
fi-1j-12)

£(0,0)=0, f(i,0) = (0, j) = oo,
(i=12--mj=12-m)

A, d(s,hy) =[s -y

(6)

ETHE DTW BEES D i, #43E N x M AT
BASIT R 2 P B R R, PAsX(4)—3N(6)id IHIH 7L e
SR, Bn R R R B INE B R E 51 S AT H
) DTW ¥ D.

HT DTW FE B e AR H e BUR R QR

1) A EERE. 2 OCS R 5 3E15Lk
AT IRFEE A >10%, R mik k A ik, $HL
2 H s ZIRT 2 h SR S G DhshR e 4, i
y\j POCS °

2) Wit & H 3l R G0 b SR B R 5 2k R T
DUECAR [ T 28 A RN . W Fsse B 1 /1 2 h (1) Fufi
W F5, NP, =[P,P,,, PPy, Hrh
N =28 K.

3) iFHIZALAR S k H I LA Thh& P 51k
it Pocs ff) DTW 2 D(Pk’ Pocs) °

4) #75 HAZ B AR e (1A T Dh 25 51 5 e
H R G AT Pogs A DTW BEES /DN, TUiZ H N
ZBCAR PR AR H o

1 PR IR, SRAFWRLR L RTA BL AR 1 R A
BLH
2.3.2 BT IIAUK B I A A IR GARAL H 3 HL

SEALHRIE AT R EE B2 SR,
[F) B I 225 FE A4S G IR 0] B A8 47 g PRI RE RRE
AR SO IR 6 I AT 2R S R AL E
CEEFBREATE R RN EREI R, b I A
REAE 2 ik K B AR T LA R R O

BT I BUK OB 2 B IS SR AL B ik 0D
L3/

1) SRELH# B H LT 28 R S 5808,
PR H RS RHE R Y, =Yy, Yoo - Yo 1 (M A
REREMNB)MTLE n R EFHE A &
Y =[Y,.Y, Y, ] (n=42-N, N=28H~%
HANK)-

2) LAk H S SARFIE &= Y, 1R BT, DA
il B AR R &R Y, Y,, Y Yy (BT
G, WHEERTHY, 5% T 52 8 2K OB R
H, RIS A0 AR O P
F11 FlM

F=| : F : (7)

nm

FNl FNM |
X, F NG n RIS m MRS R P Y
VAR & % GIPEPN FREZ IR



- 148 - ®hEREY DA

KK F,, THE AN
mnin mnind(n,m) +/3mna1x mr?xd(n,m)

nm

®)

d(n,m)+ﬂm§xmgxd(n,m)

A d(nvm) :| Yom = Yom |y\j§€ n R#Hm IR S
B BEF H1 6] B2 5 1) 4ot 2208 5 minmind (n,m)
ﬂmymmem%%%Zﬁ%¢%ﬁﬂzﬁ%k
ZH: BN HERE, WFEL05.

3) K H e R AT RS VR R AL E

W=l 1M )

ZNM
X, ¢, NEE m TS G Fabr S AR A FAH DG R B
4) WIIRERIFAERE AL, AR5 2nfg31%E n H
BRI, Wn=X(10) .

Rn = Z Wm an (10)
m=1

K, R ANHE n RAZRSH S MR HS L SHNIK
EORIRREE, FEBRR, 2RI 7 41 AR UL B

5) HUK 0, 5 T JiE i K ABL G N7 1 H 3 R 4% i AR
PG AHE .
2.4 BT Lafaryml

TR ARAL B AR AR B A2 K A R 1 b it
AL E o X FRE—EAR, WAL E 1S
B A —OR, DRI A2 R BC AR 1 A7 fmr Dl 1 1)
fifaf. WRMHALLHAZRE—K, WERHR (L)%K
THE R H (T H ) 97 T e

Prorecast (7) = 0 Peeer (7) + (1= @) P (7) (11)
L o ARG Py (7) AT HE B« 1)
FT T Py (7))~ Praer (7) 23 BN BRZR FRAL
H. SGHLH R ¢ B Fmi e 24 iR 7 5
G B s RSN 4 b i, 7=12,---8.

RNTHRAA)FME 2 o, BHREET
L EEN “TE ", 4 AR DTW R (6%
I0C BEVE MR AT 28 H Hrade H « Fiull H 7 (2R AR AL
HASGAHLE, ¥ “mE > ZEmZEALLH |
SEMULH BRI B (r =1,2,---,8) B HT EHRA
A1), ArgEsr 8 MM FE. T RA—IR
WA o , R/ ZIRSRI R EE R o .
P A% 7 mf TN B L S5 R B B AN 3 oo

3 HWREMFIFIEMSEM LR

zr FRTIR, R RIS R S A A A S TR A R
wr.

A A 3 0 A T

r{ 3 e S B H

P £ i 5 il T ALAR o 5 R K %
DTWEE 3 51 [V AR T S 5

v v

FEIHE T DTWELE TR T H (5 SR E
e ST AR AL AR

| |
v

‘ /D ALV S R |

v

‘ BRI R A |

v

( e . )

3 BTN E LS REE
Fig. 3 Distribution transformer load forecasting

algorithm structure diagram

1) B OCS 2 Gt Sis W 2k (145 Thoh %
i, RO ITEMEBRRBERE L, WHE
A>10%, 508 2), BNEDE 1).

2) . OCS RZiFKH H Mt ZIike 2 Mk H A
28 KM ThIhZ ) g, Wit = E RS
REUZR LR S RCAR S H AT 28 KEIH ThIh= T
SHEE, DLRASIR. . RUE. KRS 5805,

3) #%3(4)—=\(6) F- K BLLAR U , T H AR
T 5% RS HH Pearson #2218, H14(7)
—R(10)FHAGAMLE « MPAHLE R [F— KB,
¥z B A E AR s S RAE AL B AR
Foe 30 (L) TH 5 A 31 5 T AR W s B 7 A T

4) FRYERCAS A FIUMEL AN A8 Bt 2R -
Mo ” dhdhk R, Q)R AT R Lt

5) LU & TF R Agar o bL 5, 55 U R i R e
A AL s 5 A BRI SH T Bk
FFK,

Al BT A R 52 L ) SERL AR A P 4 o
4 BHISHEIRENA

4.1 TIEEBISH
KA T, S RHBME G4 2020 4 8
H 17 H% R 02: 27 KA RISt 4T A R e 4
Pz B W BT BT S 5 A S
10% TR 20, 133 B EwmE 5 fR. 1%
UK REAL T 26K T 5% CB3 Fiif, /5 755 CB3 Bk
IF], 2RI H T TR, e H5, S fnr BRI = 28.51%



Wik, 5

BT GTER G fiy TR AR FEE 1D IR FRL O B 1 vk - 149 -

v

P FEL P 3 A7 i 2 I )

v

VISR § 1o SR

R T PR BRI K T5%

15 DRI B 51 g TN

v

AR & DX T 47 5
F IR BT L

v

AR IR 5
8 TF K 7 RS

(7 B 4 )
& 4 SEEEMAFFIRIZE
Fig. 4 Fault location and fault analysis flowchart

5 RAARECHZIRELIRLE

Fig. 5 Simplified wiring diagram for distribution lines

EHL S H R AT 28 KRRt HE A2
A R, SR H AT 28 RSk LS AR 6
W, T BIRTTIETN A & X M B 00: 30—
02: 30 KB hff. SRJG, ARG IE
BT — A 2] 4% FF S R A7 A TR R i o BL, 45 SR I
% 3. WAk, VTS BIHBEET 2 h 152 5 e (AN %
TR, WE 6. Bk O AR
FEATIRE R 12 fifh, iR S RFERNE A 4 s/,

TEYHRE, BT EAERR 02: 27,
% 3 hFF3K SB2. SB3 i AR S fa Al £ 4 JE I
TRA AT, I ST/, FFORE SBA A—Hb) ik,
BB AR F A=, HAAMEET 0. MK SB2.
SB3 [ 7 5 E £t 10%.

P16 H, 7 A5 R 20 I 2 971 A 9 P P2 A 28.51%,
XFEEER 3, 5 i CB3 1 ffay o bL 27.40% 5 LI,
W o R R AR R TR CB3 R, WIS SRS

KB E — 2

—— ek i SB2 {4 SB4 it fif
SBI 1 4if SB3 {4 CB2 . fif
T T

SBS i fif
CB3{fi

2000

1800

1600

|
|
|
|
|
|
1400 |
|

TR T T RER =28 51%

1200F

1000

T/ W

800
600

400 —

_—
200 —

L

[] L L L
0.5 1.0 1.5 2.0 2.5 3.0
FRsE R /b

[ 6 iRékff{ER&FF KT A RHE
Fig. 6 Feeder load and predicted load of each switch

R 3 BIFRBPER R TN AR K TN S for dy te
Table 3 Load prediction results and predicted load proportions
at the time of failure of each switch

. W, HSRA TRE Gr ok
NiESE
kw kw % %
SB1 169.18 171.02 -1.08 10.19
SB2 59.46 57.95 2.62 3.56
SB3 49.12 50.45 -2.64 3.02
SB4 2.02 2.03 -0.72 0.12
CB2 998.08 973.54 2.52 60.42
SB5 249.15 241.68 3.09 15.08
CB3 451.93 443.23 1.96 27.40

4.2 AR IIESS RS

52 AR AT TIIIRE P (P R, AR ST B A T 4k A7 AT
PR B FE>10%0 4 Ja sh il B it ) . 7EZR K% 2 26K
Uiy ArSCERAR TR NG SR BRI, Bl
KA g B B SR () R ARTAR /)N (W58 3 H SB3.SB4),
T SARIP Bk f5 S YGRS, 452 2% SAfr o s B A
(PILLAI/IN , A5k 7 Aur SR P P <10%, 3EASCTEA S
JE SRR ], TSR 32T LR T o MRk v SR
93 SCERTT IR IR, AR ST 792 I S A A
PR o

EAKIE DT, R M 5 it 2k o A O B
FE>10%, {H2 0] BEA 2 DECE MR I O B f i
LU 351 5505 2 A7 fr R B BE BRI, I R X LA T
RIGM R B T e B f= F T %, Bt — e i il
MEGE, WS H AR RS B MR Ry 724G
Gy PR E A TR M



-150 - LY EE X T EE R

LRI, AR SCHE H 5 T8tk 47y B8R B P2 O TE F
PR TR O T “ 3T 2 u A e BAE B
Wb sE R S I R G (IR

5 Z5ig

AL —Fh S N TSR kG ke, 32
HH Tt 2 7 A R I FEE 1K) T, P D) e B A1 5 Ao 7
o PHRITIER MW R R

1) 75 M H PR A E S, AR b
e AR e I AL g se (5 2, BAAAERCHLM OCS
HH S bR SRR 1 e (5 S AT R )
TG TG B AT

2) AHELT Wb S AR e 2% S H P L AR A
IR 0 7025, ARSI S R, T AEEORD Y
FERG,  HOMEI AN 5 2k 3 s i RS ME
{518, A2 E1EIEAE R ENIE R,

3) AR SC AR H I i REBIE ) 7 VR ST T R A
SCADA #%i, Fulidi& 1A SLiific i 5 3k,
B T L M E SR AN R A B A 4
R = A7 O E A7 T B HL R s T E Bk
BRI, 207 VR A SR IR 7
PN 7S, S HAREE AT A G,
e s A AR ) B AR

AR T7 15 B F e Ar 45 AN AT 55 At g B AT 1)
Tk PO GE A s, AR — B A,
Sk
[1] B4H, M, KHEZE. T uPMU FEDEMEEE M E

HEL I B S v ik (0], B R GRARY 5 ¥, 2020,

48(4): 39-46.

GE Weichun, ZHANG Shuo, ZHANG Yanjun. A novel

method for fault location of distribution network based

==
il

on pPPMU synchronized measurement data[J]. Power
System Protection and Control, 2020, 48(4): 39-46.

(2] N, 5, PBE & ETHEEEMES) SR
) T L DX A o 2 87 792k [3]. P I L T F2 244k, 2020,
40(7): 2180-2191, 2397.

XIE Liwei, LI Yong, LUO Longfu, et al. Distribution

network fault location method based on distance matrix

and branch coefficient[J]. Proceedings of the CSEE, 2020,

40(7): 2180-2191, 2397.

(3] ZIIL, &L, AEE, & AT ER
RURFIER SRR 25 6T 6 [1]. IRFE SERZAR,
2020, 35(6): 90-98.

LI Bojiang, ZHENG Shujiang, ZHAN Huiyu, et al. Fault
diagnosis integrated platform based on typical characteristics
of electrical signal on the low voltage side of distribution

[4]

(5]

(6]

[7]

(8]

[9]

[10]

(11]

network[J]. Journal of Electric Power Science and
Technology, 2020, 35(6): 90-98.

WRigiZe, Wi T 20 VRO H T o b 4 IR 9
KR HJMERSEEEA, 2020, 18(12): 43-50.
CHEN Wanying, CHANG Haiging. Research and
application of fault analysis and judgment based on
multi-source data in distribution network[J]. Electric
Power Information and Communication Technology,
2020, 18(12): 43-50

AHMED AS, ATTIAM A, HAMED N M, et al. Modern
optimization algorithms for fault location estimation in
power systems[J]. An International Journal of Engineering
Science and Technology, 2017, 20(5): 1475-1485.
GASHTEROODKHANI O A, MAJIDI M, ETEZADI-
AMOLI M, et al. A hybrid SVM-TT transform-based
method for fault location in hybrid transmission lines
with underground cables[J]. Electric Power Systems
Research, 2019, 170: 205-214.

REARZY, 220, SRS, & T IRAM SIS
AR R E BOTE ] W RGUR YT 545, 2020,
48(14): 159-164.

XIONG Yufen, QIN Feixiang, HUANG Zhipeng, et al.
High fault-tolerant fault segmentation method based on
feeder tree dynamic topology[J]. Power System Protection
and Control, 2020, 48(14): 159-164.

Fikn, BN, ZRsh, 45 R A R 2Ob
RIS 73 A TIEN]. FRHR, 2017, 41(12): 3917-3925
FU Yang, TIAN Can, LI Zhenkun, et al. Temporal and
spatial forecasting of distributed PV considering spatial
capacity saturation[J]. Power System Technology, 2017,
41(12): 3917-3925.

BRI, AR, RN, S5 W R bR X BOE AL
HANAHOE R 5 5E]. I AL TR S 4R, 2016,
36(14): 3742-3751

GUO Zhuangzhi, XU Qixing, HONG Junjie, et al. A new
complementary constraint model and algorithm for fault
location of distribution network[J]. Proceedings of the
CSEE, 2016, 36(14): 3742-3751.

WR¥z, B8, BKEE, & iF E BRI A
VEIE LM b e A ] HUD RS B EEER,
2021, 33(1): 94-99.

XU Fenggian, LU Huizhen, WU Shuiping, et al. Fault
location method for low-voltage active distribution network
considering information distortion[J]. Proceedings the
CSU-EPSA, 2021, 33(1): 94-99.

PRERIE, Ka, SCHEfE, A ORI HRAREAIN FE SR
Bt Petri Wik REIZ IS AY[I]. D) R4 E Bk, 2015,
39(11): 152-159.



ViR, &

BT GTER G fiy TR AR FEE 1D IR FRL O B 1 vk

- 151 -

[12]

[13]

[14]

[15]

[16]

[17]

ZHONG Jinyuan, ZAHNG Yan, WEN Fushuan, et al.
Improved Petri net fault diagnosis model using electrical
quantities and time sequence information[J]. Automation
of Electric Power Systems, 2015, 39(11): 152-159.
RICH], SCAEEE, BEEME, AE BT 2 EEBMERN L
HIIBUBR Petri LB IELAL[I]. HJ1 RS EBNML,
2013, 37(24): 43-53.

WU Wenke, WEN Fushuan, XUE Yusheng, et al.
Delay-constrained weighted fuzzy Petri net fault diagnosis
model based on multi-source information[J]. Automation
of Electric Power Systems, 2013, 37(24): 43-53.

FREVH, =R, KR, & RHSEZ G RREH
L R 12 T v (0] R R R, 2010, 36(12):
2976-2983.

GUO Chuangxin, GAO Zhenxing, LIU Yi, et al. Power
grid fault diagnosis method using hierarchical multi-source
information fusion[J]. High Voltage Technology, 2010,
36(12): 2976-2983.

P, ARLEt, mthAR, S SR 2 AR i i B
FERAIE R[], B RS I AR, 2017, 29(2):
50-55.

YAO Ying, XI Xiaoguang, GAO Shiwei, et al. Distribution
network fault research and judgment technology using
multiple data sources[J]. Proceedings of the CSU-EPSA,
2017, 29(2): 50-55.

JEFRE, s, RO, & BT ZEEGEN B RS
b A5 RS WAL [I]. s RGOy 5], 2019,
47(22): 59-66.

QU Zicheng, GAO Liang, KANG Baolin, et al. Power
system fault diagnosis model based on multi-source data[J].
Power System Protection and Control, 2019, 47(22): 59-66.
P, 20, 575, & ZUEE SR XK L3
F D R X BOE AL [D]. LD RS OR P 4|, 2020,
48(17): 147-154.

CHENG Yunxiang, LI Yang, LU Fang, et al. Multi-source
information-assisted partitioning of active distribution
network fault zone location[J]. Power System Protection
and Control, 2020, 48(17): 147-154.

A, BRI, IER, BT WERDIR B e
D-S EHfE B IS FIC o W ke 27595 0], B0 E ik
% %%, 2018, 38(6): 65-71.

GAO Zhanjun, LI Siyuan, PENG Zhengliang, et al.
Distribution network fault location method based on
network tree diagram and improved D-S evidence theory[J].
Electric Power Automation Equipment, 2018, 38(6):
65-71.

[18]

[19]

[20]

[21]

[22]

[23]

LI Zhi, YE Lin, ZHAO Yongning, et al. Short-term wind
power prediction based on extreme learning machine
with error correction[J]. Protection and Control of Modern
Power Systems, 2016, 1(1): 9-16.

TINE, Fl, B, & SIS SIS
B BRI AR O D7V 0], O R GRS A,
2018, 46(15): 29-35.

FANG Baling, LI Long, ZHAQ Jiazhu, et al. Short-term
load forecasting method combining dynamic similarity
and static similarity[J]. Power System Protection and
Control, 2018, 46(15): 29-35.

WANG Yuanyuan, SUN Shanfeng, CHEN Xiaogiao, et al.
Short-term load forecasting of industrial customers based
on SVMD and XGBoost[J]. International Journal of
Electrical Power and Energy Systems, 2021, 129.

B, B RW, & ETORAHEEIERSMLE
AT AR E A A S e T 7 VA 9], AR, 2017, 41(6):
1949-1955.

LI Bin, HUANG Jia, WU Yin, et al. Short-term load
forecasting method for holidays based on fractal
characteristics to modify weather similar days[J]. Power
System Technology, 2017, 41(6): 1949-1955.

SRUR R, FOEOH, ki, &5 BT KOS OB HLAR
RELR IR RGNS BINI]. #70 R 88 B 3k,
2015, 39(12): 50-55.

WU Xiaoyu, HE Jinghan, ZHANG Pei, et al. Power
system short-term load forecasting based on gray projection
improved random forest algorithm[J]. Automation of
Electric Power Systems, 2015, 39(12): 50-55.

Rz, WS, SEENLL, & FET R R T S
i DAL A 22 0 24 1) RS S A T 3], A0 R G E B
1k, 2018, 42(20): 67-72.

WU Yun, LEI Jianwen, BAO Lishan, et al. Short-term
load forecasting based on improved grey relational
analysis and bat-optimized neural network[J]. Automation of
Electric Power Systems, 2018, 42(20): 67-72.

WS HER: 2021-04-06;

EEIHHA: 2021-05-14

{E&E T

FEWAR SRR G EH

MR (1990—) , %, B1E4EH, mid, TALE, 4%
B e WA ik,

E-mail: 2103246680@ qg.com

o AW0996—), F, ML, HRTMACAITARL

B #1L. E-mail: little_researcher@163.com

(Mm% Bl &4E)



