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Abstract

With the continuous expansion of the power grid and the increasing level of equipment intelligence, traditional substation operation
and maintenance (O&M) models are facing significant challenges in terms of safety management and operational efficiency. This
paper focuses on the safety control requirements of on-site O&M activities and explores the integrated application paths of advanced
technologies such as intelligent inspection, digital twin, and artificial intelligence. By building an intelligent management and control
system that integrates multi-dimensional perception, remote coordination, and dynamic decision-making, the entire O&M process
can be intelligently monitored, responded to in real time, and managed within a closed-loop risk control framework. The research
results show that this system demonstrates significant advantages in hazard prediction, emergency dispatching, and operational safety
assurance, providing strong support for the secure and stable operation of next-generation power systems.

Keywords
Substation operation and maintenance; Safety control; Intelligence; Digital twin; Intelligent inspection

< b 3=k i A\ &S e &0 b i
THIEHELNITLEEIEE R R

Hrpfe LL/NHe ARSCE: TRIKEN

[E e, DA PR A T B S ke, R - s EE 831100

W OE

[ &, LA 6 R Y K A iR e AL BRI, BA T QE SR X AL AT RAELAFEFT M@ EiE Sk, ALEE
FEHIAG W ELEEER, WEHRRE, HFTAPRAIERENSERGBRES L AKRZ, BEHEE S H R, R

BRHEHERRT—RAFHRAETIERR, FANELAERGR AR Sih 2L RIS RERE, FFREREW, Eh
AERERE, RE AR LEARES GRIAEZFRYL, AHEE ) RAANRERTBTRET B A IH,

15|58
T ) B G A L A T ] S B R

2 R TRIEHEREEENRRYE
21 AARBES BREHR

e B AR X DL ST i i I 25 A B AR TR SR Y
K, ERERFETHETE S ALK LS
BRI AR R H 2T BT E S A= S
EE PG HRIRIRL, A TARERR s S Rl bRk
A8, BN R B — IR TR, IR
RIS s TR IR, X TRB AN B e
Rk AR AL B R S L eI H
RZ RS, T I BUs T RS AR L L SRl
ok, MREDEUREIRE) S T T HIE R B R 2 2R
K&, DRI NS IR SRR I K HER 2.

[fEE‘NT] Evpte (1998-) , B, PEIMEELA, K
R, BETiENN, MBHECEBRTIR.

82

R IR B AR DN T A &=, &
PNt X AR Sl S AN 2 4 n T ER
A AR, (R SFWRE SRR TR,
MERESFEREIEEIIRE )], BRI A—E SR
Wiz . —eE A TEEGEFEHAMT, ([EXELUEAA
TRPRABAALE, B2 TAETS S0 570K ksS4 TIRHMIE
I IEASHHNS), RS s RS U miek
DXERER, Ul R AR T, PEACDCEX DR, ZRERT
FRESSYNZE/OTREES Sonlcr MR E St =R (S N (a2 Vi
HTRRE. R Td R ES Hal, wF rARER |
ARG, TINERELEE, B551KRM . 5=k
AR VR o T
2.2 BIEREAEE AR R

R R R ELEHDR A L, REIZER



IREFAREEE -£09% - £198 - 202510 A

FARHIES TS, TsilekiE, emies. 75
HF 110 TR AR, SRR PR EdES A REFVCN
HATT 4 vk, Rsh 53 i B S 25 S i e RO s Tl
G, A RRAAR L R B S BRI S, KLU ] P ]
FEiigk, =175 B2 DR R R aFSEHEE AR, R
EL SIS RURHIE, A5 RR S 250,
TRIPERE . WIRAG . R R AR mthial, £
ARG —, FeRTta—+athil, SERERZ 2
ARG . TR 220 TIRUGIX, MG EES SF6 S4k
Tl 258 B B ESE G, RS EARRER S i Besh
L], TEEEERIMN AR 2 2 5 eils . RAETER 2
W T T RO RS, MR A e 52 AR A TS H Bk
REEBEAE N NI 5 NHWTr . (5 BB E e
ML RE RS ORSEAINTRE ST, FROR T gEm )y Ot 54
Tt
23 BEREHE AN EE

A S A TR AR B S e X, B BIES I R
SHERBEEIILE], 24 ba R T s R NI S 4 AR
Efo (EEHIM A NEDE A, A TRalE s
72 /N, S B R O RS S AR 45
Gk, AR TR . B, TRiE . X
PRIOAS PR, SEBRIR KR 2 /N . PRI N ARk =
St RS SEARIRE ), (R DS S5 i R Al
SRR 224 FARBILEN Y B M 3 A A B R
B RIRAS, BUERERS PR P L, IR E RO
FPENE, SECESIRENT SES L RRME, 2L
FH—itd 220 TREHRR RS SR, KRGS T
BALG R TR, MEEES A 2R & e Rt
FEITT 6 /N, SEmE R s P M A (X Fe BT IE S
RAIE S G RICED, JHREH LRI TEE R R L N 2 e
EANNEETE, HEELAREERER. GHERESLA
SR, FRARPERER D BT REE T L SR S g T
1, ELRERENT R AR RN IR 1 .

3 Bt R & B HE AR EFM
3.1 I FE KR

AR ER . S, SEREFEISMNETITRAL
ke, VA BmEEAR A RkGS, SiR K Isi f R
it 60°C, ZFEHSyuhSAIRMRT —30°C, A TSRS
[ASZBR, EARRE, RESEEELER. MouXikE
G 6 RIS S MEENBAE, W NBEwEA
JE 60 JHOK, A TH#EATRRMZE e, Piras B SRS,
KRR ER R . BIXE . SRR, BEERpLEEA
BEEH. IRRI SEEMAIRE, PURE-SEERIEHR
RIS 20 HOKRREISY S 15 AN RSl TERD, ST
PEOHTE . G, SEMEREX N 2 REKRE

g U B A AT AR B R E 1K B S PR 23 A b S8
360 FEE 5/ akeIA, EAERARE . T EmE., %
AR TGRS . A IR SRR . Bk IE
WK ERARATIR 6 /N, RIER ERIRZE AR SRR
FITENIREREI TEDR, (RBHER HE 26 AT Em
Frebs, g A\ TEIRIEFRAnR SHkdimil, WERIAEL
BB S B TR
32 HF AR ARET B IS4 R 63T LB

WA F R DU S A A0, Kk S
RRITEZR AR . IBITRE . INE BT A S 2 e
BESCEE ML, 28 Bl AR AR B (8 A 5l = 4R R
fE, JEBgENTEE SR IEEGE, BRESELAS. &
VX — 2 220 TRk SRR A S S8R T 150 25
AR, SEHBTEIRERT 1.5 4, BARTERH
PO KRB SEIHA IR — SRR A . B A il i i SR
HERBA Y. TIEARIELEEE . RETAFERIIRS
SR AR PR R, e S IR T RS
HAEBIER, 2B shA XESARN SIERERE R, &
AR AT IS ERGE T A DR 380 £, SEEX
PRt . TS . ARG IS A REAR 058 — o
S, AR ERDSNTRED, IR EEES
R MRS, BRI A R SRR SRS e, ik
HEEE. MEFHESSNEsE, BEmSE— &R
SEHHR S 2 /NRHAN
33 Al EESKEES

N T B RE SRR A r B A P rp L S8 R (G B )
HHBD IR A A IR ST T IDREY e, S5 A EdE S
SHEfTBE T S, AT EEED . EARY . EEE
R AR IR AR B IR, ZR: 500 FRURE
MIERREINB I AZEAE 24 /NI GLFR IS 21T 3600 i, RE
HEHEREE IR . iR s fim i LS 7
WES, HERRSSEIIRS . AR RHESONT SHRERER
BlEResh, ISR RSP ShERAt, mEE
HIX —EEEEEES- S TRIEN 160 RS EWE, Mgk
SARBIEOMER, 28 A R R Ay 5 S B e RSN
TS5 ARE, FERBIHREERS S G 5 5 B ah At gt
PSR T, SERTDR TR AR EER AR D
F o, BL LR S R A ES .

4 B RETEERIME
41 HARERSFERER

MmN AT, 2FE. SRROEEREEE
(R, FBLULKEREAEHE S PARE R LT, S5
SRR — R SR, ERTHIX e AR
TERIXFRE 220 TRAITNFASHELINIREE | EIR
IR S8 P AR, (ISR A R

83



IREFAREEE -£09% - £198 - 202510 A

eim, & H HIREUESEEERN 3 55k, B&HE. Hi.
SF6 I . JRUEHIE S5 B HSei E56e . HuEPE4e
MRA=EUT, REERES RESHILE, hEH TR
SRE SRS T, LEARIERSE F S S B
B, TS RN, (EERE . R SRER
WL AT EMA IR, IR, R = 4
A%, Fa IR SAE 65 T, IR R4
S AERPSERONE . 8N L. ESS TR M A
TREARE] 20 78h. SFEg —PRENEIRSWIETERE
R RENS LIRS HE A, R SuEnh 2 251
ERDFBITIVERR, eGSR . IR — N REAN
SRR,
42 W EREBAR
ERALAGEHIE R I TR BEAGREET, B
ZREERES SRR, EEEEE. (E50k . KR
BISHEAR IS TAIER A G2, AREEE A 4F 2024
FR BN R, RS 4 /NHIA TE S
Kt As A EHES HEE SRR IR AR, IglE
Al A B B Sl AR TGS, RIS IRBI e A T
INGEBEVERIER. PR IKCRERIERIEM 45 5 -
FFE 82 &, HRIESHHCM 240 284K = 135 2%,
(AR AR R ARG S, AR EIR TG 6%
HIFEHBES, fE—61 500 TIREED S iElEd, S2U
T FESSIEN FIORECRAEE], miEH e aA#E
293, TR SERE IR IR ASE S 1, AR &
FHSREAE E By 255 . RV RRPCEC VRV 230 . #4680
S SRR AR IR RE ST, SRR SHUTRCE T
ERTE, Wb AN CiE R, B e S L R
SRR, REEG ST Z A B REE A Sk
HUED, EIREIRB . (B 8T 558 FIRIE R4
IR
43 FREMTETEE
NIRRT | SEEW RS R, ERAE
RS — O bRER AL, AN R &E
EEEOHE) CIREIENEIERAIES GG ) Zoft, B
B PRERGS . SR RN RSS2 AL
TESZRRA, VLA TR A" SHHARRAJERE
B, AREIEER. BAF. MmO, SEXKEESEL
NHANES,, ARl E XSG, (Rl L, 740
. WERRESSERR, A9 ETERE TS5 A R
R, SRS EEALEERSEIRITR, BAaE 1 for:

84

60

50

ap
30
20
10
o I o

21045 1354754
9 13
i [l

w EESHRERRAE » SEEAFL AR
1 R 5B REEERENLL

HREEE A F N AR ARG, & H SR R RIS
4T, (BYEIHREER 75 o350, BHICREREK 3 £F,
BHENEREHA 1 IR, R R AR UR ISR
FEBHA, RIMRI T HUTReR SR A ) bRk
B T R IhREEER . B — Bk M e FHETE, =3
AR REAE R ETIIR D ER,

5 &5iE

WEE B 20 Tk Sk s BT E TR T, 1545
RN TR 28 B s 4 A B TE S e P e S = R R Y
BEHELR, BRgie 5 N TERS et vt R
LRI R AR UEAT TES, MRRDIEHE A0 MR
REAEEMH R R 2B, BRI HELFERGE S
SRS KT, RARFAEG — N 5 A @ TT S5
K, HESFETRNE SEAREADRTS, AR5
FRAEIRSCIR R,

S 3k

[1] ZEaol, EEZE, sREOH. BT A AR b B Rs 4 A5
W3] B ARG E AL, 2021, 45(15): 112-120.

[2] PR, S, . P R e A r i e RS S b O i A
PERE[)]. SR A, 2022, 48(5): 1893-1904.

[B] WHE P A R B A — AR RS 2309 SR 5[], BT
1J,2024(33):0237-0239.

[4] LiuY, Chen X, Wang L. Intelligent inspection robot for substation
equipment: A review[J]. IEEE Transactions on Power Systems,
2022, 37(3): 2405-2416.

[5] Zhang H, Li W, Wu Q. Digital twin-based predictive maintenance
for power transformers[J]. Applied Energy, 2020, 278: 115401.

[6] U7 U E, HE Y. A8 s 4k B RE AL B T A B v S SL R[]
2024(23):55-57.

7] FROURR ARSI R 2B M m zshoR [I]. 4 ERHR
WIFPEREE TALA, 2021(10):3.



