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Cause analysis and maintenance measures of power system
substation switchgear failure
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Abstract

With the expansion of power systems and voltage upgrades, substation switchgear—serving as core control and protection devices
in grid operations—directly impacts power supply safety and economic efficiency. However, frequent equipment failures caused by
mechanical wear, insulation degradation, environmental erosion, and improper maintenance have led to unplanned outages and large-
scale blackouts. Statistics indicate that over 30% of China’s substation equipment failures involve switchgear, with mechanical and
insulation issues being predominant. Traditional periodic maintenance models suffer from over-maintenance or missed inspections,
failing to meet smart grid requirements for precise condition monitoring. This paper first outlines substation switchgear fundamentals,
then analyzes fault causes through multiple perspectives, followed by detailed diagnostic methodologies, and concludes with
comprehensive maintenance strategies. The findings aim to provide valuable references for related research.

Keywords

Power system; Substation switchgear; Fault analysis; Maintenance measures

7x 71 e ML = AN A (14 F

BN RS T B A XKIEZFHWERE DTSR IEREE

LEHEAE

Sk BER AT, E - N 3k 014000

i E

AR AANEEYT KB ESFBRI, TEFAREEACRNEFTHBESERNERPEE, ETERAEY Atd 24
525 m, R, THMER ., LEEN, FHIZIEPELRSERH LY 0, FREEKEME, FRE+TRIFELE KT
FiEd Fi, BT, ABERREREY, FAEEE S IABITI0%, L PIMMKELSBLEREH T EED HHTH
R X A AT ES SRR, EAE S NS REEER N ER, AL ARMEWAT XU X580
MEAR, MEBEKS T EFEAITT EEFXRXERERE, ELFRLREETRESH Tk, REASAELREHT
WIS He s, A AMEF RIS S 5 E 545

ES |

W R BRIFRRE; WERESH; it

18] sk, SEEIERKRES. ISR, i 5

e i (RTSEE . RBITFSE) fenm s ool PRUUIESR.

S P SERORILERT, AT RN 0 B TS E AR

. AT, HESEEICBSE TR, ' i ni e e o
SHIREIVEIC, SHCHE, 12020 EREBIIT 0 o gy o oot s e
IR RIS 3 8 220KV ARIRRBTHE, I et e
EF L. (IR AT o g e s
s, BE R 5 CRET T, ABERIES g iy, i SR, =284 R
PR RARAIRTR . AR RAAHOE Lo ) om0 e o 1
DL, MBURGEETHSSEEE T, TR epmmp g ma- Ro0 TR, MRsE0ELE
BRARIEOITSE, W BB e 00 o e g e s
S0, AR R RS 1, I R
UEEEA] SRE (1993-) , B, PEAESEIA, s A Sf, HEbRAIS

AR, T, NSRRI, P

4



BASEEIRAE - $£03% - $ 09 - 2025 £ 09 A

3 WHIF XK FHFER E 57

3.1 Bl PR X

PRI (R 25 i PR R i i e Y 80 3, HAR
TRAETHRIEN MBS . SHREERTT | TR M S MR R 1k
MFERIER. DARER2s A0, HIREUEPRORES . ErFss
O RIIRE R S SR EY, SR GRERIFELRE R
R, SEAGEIREEREIR, MENERE IR SRS
s FEEIEAMERE SR IRER AR Lo, Hoplk Rl
Wt FHREOEINTIal, RN G, [ TEE A
R, R T AR, G I & L4 P,
AN RSB URE R TEERE, SRR m it —3
AR MfMNERED (AR s TR Mk ) RIRE
ERIEREAR] . k(R , 3. EEER AN
W lEREPHRE, 5IBHTRRERGSRRE . Fin,
Kirig SRR R R TR, BIEUER
Wrie, RASEORGES), 5IADKIRIEERER.
3.2 BSHEMRE

RS R AR BT R & L s T E AR, HAX
ORRET 45 R 5 S S IR R AN E M. 452
REEAER, ERIETH, FRERIE. SF SARFLESH
BF2 Yy, mlR AN DFREER, o TRl 20F
PR SRS R S Oy, SRS RS B . B,
GIS s SFe SR S/KEHFR (> 150w L/L) , HIU™
AR SR A B HF . SO, SRl ik, X
SO AR ks - 3RH, TER S RIBIE 5 | PR,
RASGEEGSE. A, ShEdRELREFR R MR
REE B 4550, IEROARTERE P JhoN, filskEz
RNRE5 IR A PRI, AR lUserh, ek
T PR HTE AR A R ki, E— 2P AR, T2
AR BEROR IR - ISR - BERIDEAL " AOEMEIEIA . FATHE
il 2 RIA ok s He N R SR R, HSIR
Rk, BRALS IRMSTIER, EEHIRIRE.
3.3 FHEFER

R AR R R R AN, HARE
TR NIRRT — AR TR AL, SR
RSB RHIT SARFR o ke F BRI 5 | A A%
DA, SRR, (SRR SRR
R/ NI, e B2 R ARERER BT (Glinsfck m R HE
fih FLFEL AT G 10 5L L), IRIBAEESERE (Q=IRt) , K
R PR = A R AR EAR, TR iR . SIS,
AR RS E— P INRIRAE T, 40 GIS 5 NES SF, <k
EERSZRE, B as e RIS SE R RS SR,
B SERERR. N, ST EREIIR R,
i PR ARERLAEE R, ARG R oy, s o
fil SRR 22 300°C, #S bR FIRIE, RESIR
FRIAVRERS , 1SRRI AR

3.4 HftEE

PRI SIS T 2 R A s BT i G T e
baib. Hoin, R SHRASAMCLEE RS, B
AIMr, RGBSR AR, 5 A NS
BRI SRR R ARSI, MR SILE6RE, 2
TR IREEHBRES , fER B TIREN F B A 840, Bl 24,
BN, 2R AR D AR, BT S Sk AN T 5 |
IR REDERE, WESEETh MR, R
P BTG, R EIBII4S T Kl SF, Sk
JEDEE, ShnsisaEt. Farmuh GIS BAER KA
KUK &8, ST INAh, BRSNS E
ks
3.5 RbEIoH

2022 4, K 220kV AFHLuG— & SF, Wik as 7o) R IE
IR RIE, NMYE S, SRR RS T-H 5.
SR, EMEZERNEBENGER: YO, B#EIE
B S5 (45 R EEY 1.2m/s (B AT 2.5m/s FRUEE ) |
HCRAE M EHEK TR RS2 H, SF ARk & RS
K300 L/L, HLHNfR AR HF B s 1, B SH
i [N, fibsk R A S PR S 500w Q (IEH
<50 Q) , KEFRELN=4ESE, N S, RS54
BTG INZIREBAT 15 RN, HUEEHETE.
IBRFAZHS FIBRAEMER . HETOR, T 4 a1
PR SIE RSS
4 TR FF K FWEISHT %

41 REiISWH %

BRI 7R ER R . BAREE, AR Ri%
SRS PSSR E . SN E RS, BHA
GBI B SRR TR, (PSRN E LATE
EmBRm. U TRASIIE SIS, s — el
TR Gy NS, ARSRR AHEESRIT . AU
PR IG SR B T WS AR SF I OB BN LM, i Tl (A
My BREE ., A SR, DU ERL
FAVERE, (SSRGS 5 | A 10 40 RS AN 2 S PRI BE e S Tt
KNP, o i BRI U PR K R 26 UL 4 25 s )PP
B, AREDE, FESwREes2m . ZarFEREbm
K, Ft—Skls.

4.2 MRISEHEAR

RIS BAR el Se it Y 28 5 T B, ] Bk D
P AR TR e S AE R . A0 Y MR GR I IR FTAT &/ Mg
JEFE, L MR IGRE R R IR, HORAI LA
IS AR AT AR . BRdSL R R . W B T4
PR, R RBETEE Ao K, HERTEE A
R A RS A B A R RS, Rl
B NEB RS R = A B R R (S S HE AR S =0T, Jai

5



BASEEIRAE - $£03% - $ 09 - 2025 £ 09 A

W R RIS S, BRSNS T NS
AT S, TR R T, 7RI AR B S FRER
WEBITEEL, (R SF SUREWEM, 2o B AN
TRk, SRR, PSR A .
4.3 BEEISHIEAR

HREIZWIFEOREN G KRB . N T EReEaERHY,
BTSSR WEbEsE . FET AR
AL, B SRS D R RREIE S . SNBSS R
FIRERES G REOE, SRS SIS, &F
FESITE RN {EE S5, MRS e T
A, AR AR ETPERA S nT RE IO E A R R, B
JriEE N GRS, SEOTb L, TR A
Se 5 N T EREEIEIN T, BTSSRI = R AN S0
AR AR PE SHEEAL, BT RIZWIRAR, B AR NS .
IREES SV, R IR RE AT, KIBE A2
WS, AR AR STRHAL.
5 THFXIZ FRIEIEIE
5.1 FBh A& R B

ARG ERAS B AR A A, TR PR AT 22 e i
FEIRIE, W5 1R, RS R EEEA, GOkt
SRR R, RS S A MR L .
WSS, DR U RERa e, e TS |
BSEREE S | & S A gt R BhIRRREE M
B, TPREESR, MRS 2
B T RS SRS % Bk, SRR
M4 FTREE AT, REPREUE o didara s ¥; FImE
P SR A TR NS IR S S, FIWrageiRts, 0Bl
SRR B TIRSHSERRSEREY, AREERIE SR SRt
BRI
5.2 G IETEE

ML LRI, ARG A R B L
REHIEEET . FIOPUREEE, e A\ A S E
WM B BRI TR | e BEM™ S B I
FhEafe, [RIRTSHREN R TR UERES, B D-& WshEdE
THTCIR . AlSEfasE. ERSHrEEE ], HRBIfsk IR,
TAESLBRIB I T b, IS A T RIS . &
R iRl e I NRE ottty 77 LI =RVA ISk
DURRIER & B A U B B SRR, BRI e, A
ST R I A 5 | B B A
5.3 B iEHE AR

FHGIRET, AR B EORTE DR L T S A s R (24T

WErE g, Plas NS Balvi s & I AR, 1k
TAE RN RS . KRR 28 AR &S 22 PP LR,
A& R0, ERERE, BsnRplsias 5w+
R - EEdE; BB nl LI o F e S R ER
Halft, WO ANTES, BIETRE. SRk, $#552s
EFRARKBETF, EERIESEIRE, 55RE&zE
FTEECI M 2, SERRASC I DTN . A&, &
Bz BRI A 5 2, SERTHESEERE; KBRS, ST
WIS EOIRES, AKE AN SUEHERER RS, dhimiRaks
BRI R SH8E
5.4 BRI

RHEE AL TR T/ESSE FH R E 2
KEEMEA. —J5m, EsSeta RIS EMETD
EL ERENSIEAMC SRR MR Hili . 22, BT,
FfEES NG R, WEASELEH T —IE2EN 5
KERE” , AESHTIERIRETE . Sl E R ROt T
il RS EAES . B—J5TH, #ET RCM (LR 5%
AFRLIRAE ) BN ER SRS Z RSN EE
P BRI ERERERE, el AR
RIS, SRS RIARITE I Tk, BEREMR & nfEETT,
NBEARPERAZRA, KRiFFEFHAE IR ORI RS, 5L
B ams IR A A o
6 Z5iE

L2 PHTR, ANSCREA RS IR R, A
BIUbE . A, DAEEERERRA, DI, filE . B4
IRTRORRE . B thiRae . SRR T, i
FOPRH IR . MO M RE U B i, HE SRR A
EHU . PFFIEL, AT 20 EBMAENEERZES Tl
B - W5 - (B —(R gk g, BB E A 5t
P dERA, (RIEHEMNZefaEEiT. REARK, HEEH
WK N EREE i, FIRAWENERTOR, &
APV ZT , SEE WY, s B SRS E G b,
AR “EIMERN” A IS
S 2% 3Tk
(1] B NG FIEAR - TR ) RS AT TG

BB R 3T SRS FEHELT]. H AL R H,2024,65(S1):336-338.
[2] ZEsH) ARH TR S RIS AR T MO SRR 1] 10 T

ETH,2018,(32):209-210.
[3] A A IR AR AR M AAE A S b 0] AR R AT

F7,2015,(23):94-95.
[4] JEVEE AR T O i gl e i R S A 1 40 BT (1] RN, 2012,

(11):76.



