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Abstract

To improve the reliability of distribution lines in the northern part of the Guangzhou Area, the
operation of distribution lines in the Conghua District of Guangzhou City was analyzed and sum-
marized, the common fault trip types of 10kV distribution lines in Conghua District are introduced
systematically, the basic situation of distribution network and the cause of fault trip in Wenquan
Power supply station are emphatically analyzed. At the same time, combined with the daily opera-
tion experience and the existing domestic main research data of 10 KV distribution lines, find out
the main problems that need to be solved urgently, the measures and methods to improve the
failure trip rate of 10 kV distribution lines according to the actual conditions of the study area are
formulated. In particular, a device for detecting and driving small fast-moving objects on overhead
lines has been developed and applied, through a whole year against the main problems one by one
to implement rectification measures, and finally achieved some results. In 2022, the failure trip
rate of medium voltage lines and the average power cut time of customers in the study area have
been greatly reduced. In addition, this article proposes suggestions for subsequent rectification
and improvement in response to the problems exposed during the implementation of measures.
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1. 5l

10 KV MC 2R B RGUISAT I B BB 7Y, BEE [ N et s R e AL 2 FH B /5 SR A
Wi v, O T LR B A E T PR SRR R [ 1] T M A b DX (A 1T AR DX A 1) P i ] o 2R i
WSS, DARRASRER N (A 5 AR IR LI £ 7:3), HALS LRI K28 TE LIS 4, ERIH),
IEK I EE 2R BRIE W 5 e LD B AR HSE, R AIaAT SO BRI A SR B BOR, e o 1 52
i AR R F SR AT AR M RSESN 145F [2] [3].

AR, TN R A RAE 10 KV BC A IBURE,  JCHAE IR 7 X9 Ja (K H AL s X AR A i
R TE R 0GR, — AR B 1AL 10 KV AR E HL I R BT . AR M T AL
X 2 i ik P ik [ A RHE P PT 5 R FEAR IS B 1 WIS FETE, (RN T rhCa il DR LEATS SR A7 AR B ) 22 3
2021 4R M AAL DXHE L 2 R i il 19 <0 4.118 TR/ A BL-AF, 8N 11 AN X R BB — . BoH
BRI AT EEBATIROR ™ FELI 1) N AR ESH X RN R IR A7 A AR 3 L

BRI L B s P 1 R AR AT B2, [E N il T KRB AT RSR TR 2 MRk T7 S AN
. SCHR[A] [5145 H By VETC FEL 2 B8 A iR e I e s e bk 1) F) B 0442, 75 ANIBLAR IR BN In i 84
B ORHT 7 S BT TR BUA R I, (EOR VR4 AT Al T R Ah DR AT b, SR AL E
TAFER . SCHR[6]H M INSR B A s 4 BE L By ok P Rt ) i 9 7 50 58 = 5 T P IR Wbl
7, AECRVELAS 2015 H ek i B AR T i . STRR[719R H IR 2 B B B A B0, (HR$E R A5 i 137
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SN, IR A G LA W L XK 2 12 WA 2 R A P b 2k i, LT R 2 51
Sl g, SCRR[BIA I LB BE . B R T B2 ) 25 TR e i $57,  BR AR SR 70 st 4 THL A S PR 58
BIB9S, TOVRIAERS T A Rtk . 1R SC[91% 10 KV ARASTE FEL AR Bt oS 7 | g [ PR 7
BrEEJT AT T RGEHRIR, SR T B VEHC R A ) & B ORI R T T, R PRARIEA T R T
B DX PN I B e 4 PR SRR S DR R L DXAROR T P PR Wi 1) ) LR 4t T AR A A BT 5, A
R AL TSR B BRI AN A T BL.

ARSI 7 BT AT M T AL XN SR AL FE AR B IS AT I 0L, 455 H WIS AT 440 TAR 200 A B
FASRSCERBERE, XF 10 KV BC L2k i o L ik Reih 1] Jod DR BEAT 2R 8 70 A, (RIS 8 il P Pl 246 et Pl 1) 4
AN e it T SEPE PR 28 5 BORT ST ROCR AT RUE, IR SE . RGWEE. el 5E, BRSP4
J7 S T RE DX P b B A R TSR, XS SR 10 KV ORM G LR BRIZ 4E T AR B AT E IR

FE L.
2. ECERZkEt e L ARERE R R A S 4
2.1. MUXECHE LB ABEREMATE N AR

10 KV T B DX 28 6 1 sk o 2 R RO B4y, R B R R BRI (4] MERIBIESRTY |4,
FEAEWT . D B =M S ERERRE Ly, REEAGHUIR. AR, BRRE. HOH
IR AR R 2R [10] [111%5. MALIX 2021 4E 10 KV e H 2R 4 7k A ik i) o bE R = f e i D] 0 ) A2 4k 7
BRI - WAL (22.30%) . HAR K E - 7 (10.79%). 4t IR - it TAFK(8.63%), BEAk/rAn W% 1.

Table 1. Classification of causes of feeders permanent failure trip in the 2021 of Conghua District

1. MIKX 2021 FiRE sk ABPERLE R E 55 2501+

bR Al e JiR K] 2021 4 ea
WL 5 3.60%
it T Jof = 5 3.60%
WA 9 6.47%
AR BYEA L 2 1.44%
W #kiEeT 0 0
W iR 0 0
oA 0 0
it AR, 12 8.63%
e it Al 4 9 6.47%
R A flf 31 22.30%
VAVaLT e M) 5 3.60%
B 0 0
/NEY) 9 6.47%
oA 0 0
Hir 15 10.79%
By ﬁmﬁ;@ém 0 0
i 0 0
FoAth 0 0
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Continued

HLANIR 11 7.91%
CAVALTEN 2 1.44%

I
H AR R E 2 1.44%
HAbB A NEh¥D) 8 5.76%
HAth / 6 4.32%
JE R AN B / 8 5.76%

2.2. im SR e P D B 2k BR AR R IR S 3 AR

ISR AR HT 2021 4F F P44 B TA) () 0.718 /NP, H e B PP R 22 A L TRy O )N
F, PP i e 1] A 0.718 /B P o TR 10 T OR T FE 28 6 i o o) 2 51| AR S B IX 4 P g 32
FR, R RO 2 Bk i 4 REdt — D 3R XA AT SEdE o T TR 45 A T T X R SR B
FISEBRIB DL, 5 B AL B ik e ik D) 75 790 R S ERLEAT 20 A

2.2.1. BRELEFT 2021 £EHC B A RERK AR

ISR AL AT 2021 AEFTA oG BE I BRI JE AN B, bR = il SR R A R E AR -
7(28.78%) AN IR - /NBIH)(10.79%) A ARIR - it TR (6.47%) F P HTT - A5 ARIN(6.47%),
BARS A0 WA 2,

Table 2. Statistics on the causes of all feeders switch failure tripping in the 2021 of Wenquan Power Supply Station

2. iRRULERAT 2021 SFIRZ A BT XEPEL R E 2 K5t

bR LB J57 5] 2021 FH =4
it AR, 1 0.72%

PR fi il 7 5.04%

CAWALTEIN M 2 1.44%
NEN) 15 10.79%

HoAth 1 0.72%
HARRKE B 40 28.78%
WAL EAL 1 0.72%

it 15 9 6.47%

LSRN e e

W E 6 4.32%

FiAih 1 0.72%

LGN 9 6.47%

M CAVALLE 5 3.60%
HARKE 6 4.32%
J5 LA B / 36 25.90%
it / 139 100%

IR SR AL E AT 2021 FK At BBk R, 5 AT = R SR R4 B A I BR - /NEh)(18.75%) . H R
KE - FH(18.75%) T - 452K (18.75%), AR AR WLZE 3.
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Table 3. Statistics on the causes of feeders permanent fault trip in the 2021 of Wenquan Power Supply Station
52 3. IRR AT 2021 FIRG A AKPEHEERE 55 XK 51T

et [ GRS 2021 A = d
it AR, 1 6.25%
R AR fk il 2 12.50%
CAWALTEN M 0 0.00%
/NEIY) 3 18.75%
HoAth 0 0.00%
H ARk E il 3 18.75%
WAL EAL 1 6.25%
S %Ifﬁ?% 1 6.25%
W 0 0.00%
FoAth 0 0.00%
LGN 3 18.75%
T CAVALEN 1 6.25%
HAR R E 2 12.50%
JE BRI AN B / 0 0.00%
it / 16 100%

2.2.2. BREEEFT 2021 £ ER IRk P R E o4

— M 10 KV e DX BE 25 AL AR i) 43 AT

TR AR TR AR TR RT3 BN, 10 KV R K E K. B 110 KV A8 Hi vl 4 8,
W 110 KV LSS HER SN N-1 R, X L R P R K IR RO, SRR X A )
BERIBEIJAN o LR AL R AT S, X AC P I ARFIE SR . TS B AT A E A 2, IR R 2R
AL, b EIEER TR A, 10 KV Dk M TR 3R 2R AV 80%, i [AI R4 HAN 48.5%, (KT MISFHIKF, H
AR 2 iRt Ry SORuG IR 218, SRt ge IA R, W5 5l KTE R .

oy M 10 KV FE H R AT M RS I I 843 B

JUNAGERIL X B IEEE S 2, AKX AHE S BHRS sk, Zimbisk. Eo E A B RS
) AR B R A . T 24 2 ] FIs AT B m,  (LHEAGE 70%, 22252k & 65%, ZRERAEZL KL
43%; LREgZ il X . MR AE S A, SRR AT o R, WAL IX ARS8V TR EGE 2.4 T
(RARHIX L) 1/4), S4) NTT LG 24%; NBhYIESIAE, 2021 4 10 KV 2k /N sh s kT 5 sk
BRI 15 R K ABURETFOCAr 10 3 Ik, AR IR IS F S IR %, PP i ma 2R g 22 s AT BB e i n) R
R, BN, 2021 454 7 PRARMRE S B BT BRI, Hrh 2 YOG ST K A 15 L.
P 1. K 2,

= MBI T IV S A L A BT

TR IS X B DX A 4 SR 7 R 2 B O R B I DA TIR N BT, R IR AR T B R 977 R it
NGRS TAEF AN S, BAAEALG T REAT . SRS L HER, S 2R A EGK5
W) R N BT AR T b X A Sl 52 B A & WG S R A, SR TIRB RIS 2. 55k
BEE B T WS AT AR BRI I, BRI AT TR IR N, PR G TS Bk i A I BOE A B I . ¥
I 3.
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Figure 1. Feeder switch trip caused by tree touch

Bl 1. RS B ORI S R

Figure 2. Feeder switch trip caused by small animal touch

2. NSRS B AV IR T KBk

B B
N 5 R

Figure 3. Feeder switch trip caused by insufficient lightning protection measures
B 3. BEEEANEIA S AR X Bk

PO, MOz 4Ees LR 7 TH 0 b
B9 45 FIAH L E A S 5238, 2021 SEBk MRS A, BEINAHE S 25.9%, AT &S EANE
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WAEINL, SFmEfk. FUNRE AT, WRMEEELGAN TR, A5 KIB%RIGEIE, R
BT Bk SR A AT B 2 SIEANI IR A, Skt B SR BT IR AN BUAL I MR A A, % B
[ S B H SR (0t A B8R RSSO BT By I R S O B [ U SR R AV E IS LR 540, IR
T Ao 7 BRAS BIE PR AR e S P A =R . Sl e P s i LB RL N, M AL e B SR T
LR . i e 25 A TR R T B FEL L

Fiv W B BB 5 T 2 Hr

IR IR EZ LR B M558 E, IR th TR iRk s AR IS IR S5 AT AR, R
Z P A ESR A MSOE B e, SR P B KRIgE A RIAL . SRIH, HAE AR, M E
SOMALE % 22 438 AT . 2021 SRR SR EE DA 77 e A S M 2 i /A A Bk i) 5 G, 5 B ik 31%.

3. EEC MR R AT MR

SEETT MAGES L DX L2 B H I8 2 20 96 A0 2 18] (] A AR SR AT FESCHRBERE, DARAE TR (3t FL P HE 2
BEf A I 7 AR DAL AT BBt b, ARGEHR Y 1 U I H 2 B A R 1) AR v (3t AT EE R AR A
TEAFEMEATEE, RGWTEE, W rSE. B RIASEAE YN T 11 5% E AU

3.1 MEFELS@|

3.1.1. EENFRNIESKRIE, MULRBRREDR

MR RIPBOR Y S0 AN AR S 2B P B E R, HE ML, Bz
LR RIATEE, HEAUINR ORI . RBEERARNBL. RSO =7 SFUTH BUE, 12 A JSIX R
#E 5 F1 7 B E I BRI B AT AT L BOEAE A s sV AR FOTR, IRERERITUARIT R, Sk
PLAT R 2 100%, ZADTHIRAAE AL . =B IR ZR 0 . KA SR R B RREE T .

312 MLRBEEOMR, HFREFTEH-ER

SHE A B, BXE>5 7 JRdn RERE I B 23, IR AR AR L, KNSR AR AN B
U, ARTHERBRBEHRE g B0 ORI 8O . A BRI . I IR A P PR R L e
RE 370 W7 RIS, A8 R 5 S5 DU 6 e LS e, eI e D s vl i A PR 2 3 1 A5 e 0 2 B R AT 0 B i

32. RGN ELE

EHECM B zhLiBE R B AR ThE

I BEE fRAR DI RE XS “ =387 JFRHET 0 & WA, XR IR AL TT R IE S REE X iRk R E
BB AR I T e B AT IR EE IR T . A P IT B Z ID R ST I s, WA 1R 4% A () 4% i I g m A
SME . GEFIAARE S AR, ALAMETE, HRLELAMESHE, B0 RES b G
A5 [ e
33. ®ERESE
331 WERGNSE

IRFF S . ERFN, SAEBEEEE TIENLZE S MEE, 58 2R % 45 1M Il T s 2 A Atk
TrER, SEPRARAS a5 AEEE XK pS s T, RN AR 9 N S R XU N 2 S Ak e R
3.3.2. AL EKTE

RT3 Rk XS TR 2R . AP R T kR A LR, et 2 N AR B T 2
Baedim, DA EEERE. B 7HHE BXTETER 5 4 & UL L RS 25T i,
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3.3.3. RN REEE

BT AR T B R A B ) PR R e R XA A R A Al R P 2 i B AT B S A L
A R AGIRBORAF R IR EE . AL RU SN ToE. URHEHR AR KRBk A s
B, WA R BEIUTE . BRI, SRS

3.3.4. & HhMF N EhREIET(E

A BRI & 250 R b3 I B, SEELRT Nl it i b M e . XA FFEE . (RIRRAC
HUAR, g BRSO L, 28R SR IR B 2Bt B AR E, R “ I AR
I FURE I e et [ P2 SR N BRI 5 88, BT FUIH IR S B RONE, mb BE R MR

3.4. BRI AE

3.4.1. EEKYLHERE

PR AL RATI - BREGTCSE - Wk M E R . KO B TE AN R Be ikt 1B sk
Bl “iskerE. HLEONE. ANROUSE” KR ReLageiiat, B “JERAN” B g s 5 R Bk i 0
FEREPAT B N A BN S A SR, A i s BADT R I S A, IS R — T A
R ENE AR S IR R B, I H A SEAAE 5

342 BUEEREER, RAKESHBHALE

BRI R A EPIWE E R R G X SORIE AT A O B g . K
BRI XIER 2.0 @i, RIHMEEIEIEA QIR FaCEE. BRARSEERE R . TR
RIS A ERNEFNThRE, 45 G TR HA, R aE B R A B, SR THIC S s A B AR

3.4.3. FEREESERIETIN DA

FEARTT RSN IR RTRT 7. Frh b ® . e RS T, S8 IiRpiy «—Am” , #HlE (ft
HLRIT R A SR TAR4R 51, MIVEIIA S RIRAE o« B BURF @ H 7 Bt By 4 3 R By 45 Bk 5
TAERLH o IR [ s i T A A RT B AR sh i T e A HE & R, (N ARG B SR 22 A8 IR AN B 4
B TAE, FE4ai TAN BN . RS 70 e F 28 8 7 it T4 B A b . e o ds . AT
BREE RS .

3.4.4. INSRH REEWIIER

INBEE FL Y R A AR, ESEE A RS EE . N RIE M B, BB A A
P B 2Rk W] o S TG40 SR ORI B AR P B Oy S IR IR A, o 6B S P AR IR SR AR, B
W7 N W A T P SEAT R B (AT “ B AR B TARRE L MR, iR )R
HBUN % 23 S5 BtV @A, B LA IR TAE, 6 T B A et P AT SR Ak
(X2 A ), ATk IH ) HfE LAVE SRR, SREL R Py IR (VK. URAHT]
T AT I 4 ) it

4, EMEFENRZENERATEHOER
4.1, FEIBFTERIER

411 HEAEMHEARE
2022 AR SR FL BT PSP 45 RS TR () 0.461 /NES/F, [RIEE R B 35.8%, 7E L& L AT AR
RS
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4.1.2. PELRBFEERTHERAR

2022 FEiRRALH AT 10 KV SRR FTE o ik R B R T 69 A, R L R % 50.4%, JLFE 4; 10 kV
PRI A FE K A AR Bt 11 2, [RIE IR 31.3%, 78 Ak &4k B B v Fe 45 Bg ki e Fe b b HE 44 5
) Jl_l]_:ﬁ 5.

Table 4. Classification statistics of all feeder switch fault trip reasons in the 2022 of Wenquan Power Supply Station

= 4. mRBERER 2022 SR A KSRk iR R E 5 34t

et [ GRS 2022 A [FEL 2021 4
Tt AR 1 0.0%
R AR fk il 3 -57.1%
VAL SN Y 1 —50.0%
NEN) 8 —46.5%
oAb 1 0.0%
HRRE Wit 13 —67.5%
WRAGEN 3 200.0%
MR HEIUFE% 5 —44.4%
WA 3 -50.0%
oAb 2 100.0%
AR 5 —44.4%
] VAVALTEN 6 20.0%
H R0 E 4 -33.3%
5 R A B / 14 -61.1%
it / 69 -50.4%

Table 5. Classification statistics of feeder permanent fault trip cause in the 2022 of Wenquan Power Supply Station

= 5. ImRBERER 2022 SRk A PRk R E 55 $E 41t

et [ GRS 2022 A5 [FEk 2021 4
it AR, 0 —100.0%
R AR fk il 2 0.0%
VAL SN Y 0 0.0%
NEN) 2 -33.3%
FAth 0 0.0%
H AR E i 2 -33.3%
WAL EAL 1 0.0%
it 15 5 1 0.0%
AIR e it 1 100%
FoAth 0 0.0%
AR 1 —66.7%
] VAVALTEN 0 -100.0%
H R0 E 1 -50.0%
it / 11 -31.3%
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4.2. FERFHERELER

4.2.1. HEFNENYIBGIEIEHE

BTN PR AT 1), R s R B R S AR A R B . JLH, W) T R AR R R R )/
VIARBRIN SRR B (W] 4), R T IUAN R O S 287E F AT S S B 22 4 PR B A A2 I 2R B 45 3 B
B AE R R, @ K IR 8807 U — . PR ISGE NG EA IR @ KEFERLIK S 284 8] G
RCTIERIEER; @ KBRS TN . ZRE LR H: © wiRES%, Hi &N
o+ B R T LR S 75 (Bl AR ) IR S KT RE s @ RIS R SR nl i AR A R
PR PP LR 15k S G RIE R, 7R IR M AT PR B EOC A H il iR @ R E i KR AR
HJR S B HIEAT I, IR B KA BRI T M7 e Re, AR A  RAMEE I B 1; @ mla
o PR, © BAWRNEREIZ. K. BRI, Prrsiamse it a. 12BN A T MUK R EFER
B [X 55 S5 2 N A S H NG AR AR 2 2R i X3, H AT Ly e 300 &, MG R X IRE
5 bl P DR 28 B 18 4 7 | Ak £ FEL AR J Lo O, R SR A FRLAIT 2022 4 (R /INBI A 5 | /S 2 % ik i) 2 5[]
EE T R 46.5%, b gl K A 73 T R R LG 1% 33.3%.

Figure 4. A device for detecting and driving small fast-moving objects on overhead lines

4. —ThRTEBEPEB R/ NIERNIRE R E

42.2. BFFRINIBIAERR

YR RBINT . MR TG AL B IR L/ 1 Ik, B8 MEMNLEINL. T AR
48 IR, YRKFEEIEENFS 45 3, WOLAH K L2 EIRbRE 18 &b, InzkeB S i 455545 Sk 30 AR Ab (] 5).
2022 FAFEA KA A IR R R ks gk i, R bR B 100%.

Figure 5. Installation of anti-external damage video monitoring
5. MBI SRS I
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4.2.3. MARPREREBYUNE
A B e R L ke AT R ARRIE N " A i, 2022 SR
WO T R A 7> 1) [FL B R B 4 0K

4.2.4, FELIFERIKPLTNIEYE T4
R T 5200 L 28 1% 22 A8 AT R ATS FE TAE, 2022 4EAT AR R 516 1 43 g Bk 1) i 3k 3 52,
Eb Bk 1 BT 4.3%, [RIEL R F% 57.1%. 7850 KA T AN URFIRCHAE FH (an /5] 6), SEIRZREE RANEE . 22

Figure 6. The efficiency of defect detection is improved by UAV patrol
6. BT T AHKIIRS T & PUERBEIE

4.25. HIFFHFENELIREREN
EISFARTE] . LR TR 22 4 R 38 A RN o ik 1o R Ao 2, I beiE s R . 2RI TR (Wi 7). BRI
B Mdn i iid, Fodi. i L5 E SRk 5 3 7 L N % 67.5%. 44.4%.

Figure 7. Multi-cavity surge arrester, surge line and common surge arrester are added
7. mESEXEER. BELAMENEBER

4.3. ERELBESIERERNTEZL

RS TV G h i F ABEAT A  r A HAER TE f
RS Q18 2 G BUE (74 6\ SO 76 2 IO 1) TP RE R BB T e, AT B AR B 2 B,
BB A RREA B BRIR T A 2 o R, D KT TERARSE AR . KT EAML
B, RIS B R

CRABYIE AT BRI . ESBRE R, ERENEGRAT, ARk TR
BE BT, (VA ROV EI G . SEAHOR BRI ST, RIULA
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(1) BERLSI PARBEANAGE . ke TE 2, AT A B B I O, (ERE R I
MG TRV EARE . AR L BOH B R AER R 2R E 5 N ERA R, B
LI TR PIHREGLREE, KW H SR, @R GHNBES T, GRS
AT, MR ECHLZ AT 4. B 5] T 2RI E G DL 8 Fra.

4

Figure 8. The setting of grounding lead
[ 8. #EMSI TG EER

(2) Wi WitRe TS IERRBNE,  FRh e o BH A1 A BRI AR DG . 4% B8 (T F By B B AR 5 )
BOR, 45 100 KVA DL AR e Se et L RHAS B 4 Q. 7E 2022 AEXTEEIX N 85 & ELAR & 42 1 Heth i
BHIEAT 70, KRBT, et AR &R, R A5 B 3 Bt e AR 2 R M ROR . T2
Xof P E R AT B S, TERCAR B AR MR O k. ARG R E RS S, e A dE
PH 2 A% (1 I BOR R B BE A, BCR AT HbE A 07 oR PR et e BEL, 5 P 4 P BELAF & 23R . it A&
S)E, MR T 4 Q, A RIREER & E R RIS 1T ER. 9 fik:

Figure 9. Repair construction of grounding grid

E o AREtBREERT

(3) X 55 Ve A& HEAT S e X 0 SRR AFAE A AT A 25 1 AU DUEATHRE, 1 TSR e (i
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