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Abstract: The valve-side bushing of converter transformer is an important component in the ultra-high voltage direct
current transmission system. Traditional fault warning and status evaluation methods rely on a large amount of physical
experiments and manual data collection. Therefore, this paper focuses on the research of digital twin models for
valve-side bushings, proposes a construction standard for digital twin models of power equipment, and establishes a
valve-side bushing twin model based on geometric models of solid bushings. The research results show that the digital
twin model of the valve-side bushing can effectively consider nonlinear characteristics of the insulation material of the
valve-side bushing core in the temperature range of —-40~120 “C and the frequency range of 107'~10° Hz. Further applica-
tion of the valve-side bushing twin model can obtain direct heat transfer characteristics between the bushing conductive rod
and the insulating oil, and the temperature at the tail of the valve-side bushing is close to the transformer oil temperature of
90 ‘C. The twin model proposed in this paper can significantly improve the calculation speed of the electromagnetic heat
flow coupling model, and achieved visualization of the operating status platform of the valve-side bushing. The nonlinear
mathematical model of electric thermal coupling proposed in this paper and the digital twin platform of the converter
valve-side bushing were applied to generate the relevant structural parameters of the bushing. The scaled valve-side bushing
was produced and manufactured, and the negative polarity cut-off lightning impulse 575 kV voltage series on-site tests were
conducted. Based on the proposed digital twin model structure, this paper constructs the digital twin visualization platform
for the converter valve-side bushing, effectively improving the efficiency of valve-side bushing operation and monitoring,
and realizing the application of valve-side bushing visualization monitoring and digital twin technology.
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Fig.1 Structural specification framework of valve-side bushing digital twin model
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Fig.2 Structure of valve-side bushing of converter transformer

0 FHT s @G I 8 X (R R S5 R — BN
BT ) @QBEEINEE LEGAH: OAN
TR (e s S SO IR SE R R IR s ©FR T
OERES; @R aTHREE; QLS.

R O SRR EE BRI, R
PRI T AR R SR PR, @Bt
AR ARSI B R N LI AR
7, REDCGEAR AR SRS 2 BRI R R X I L)
AR OALE, AN EE S O FITANER
FRAL, BANREREESES; MEE. &H
LAEZ T ERE IR, K SRS 5030
S, DRI LT A A R A AN R T SRR FE A TSR
NEEATARRITIAL, DA N S AR R
22 MRMREIRIADE

2 R4 SRR I T 5 B A B i R 2
R BB SRR R . 5 A B AR 1,
R s RIS RS R s R BT =, H
AR s A% Th e R N 2 G A 3 AT ) TR 38 R IR BF AR
90 ‘CLA L. fEAIILHL IREE T H 0 LG R AE
0 B 2 5 R i ) P R 2 A A T 5 AR B S 1) A
Ot DIAER BT AR E MR, 7 RIS
Xt AR EE S HOAT R AR R AT . A
T7F FE AP S A P 2 e o s 0 2 55 D ) A A
HARRBA R 280 1 fos, Hb 0 8l
£, C.

BRI, ZHMEK SRR
PR A AE BE PSR AR T AR R AR AR AL,
SARMEDUAIR . (BT RS HARLIEA R A



2314 i LR AR

2025, 51(5)

J X6 I 52 L R A LR AT A R i B 4 SRR
N, FEREBZEA M BRI Z g AN, RS T
BRI LIRS I F 5 28 2 i 5 ) BT A A B (1 U
FEAAL TR 2, IR T i SRR, IR
WA 23— 20 SO SRS FAY R AR AR, IR
WA TR A ER G
23 MERBRME

WE AR W AR B R E RN E
EIBT LRSI BIRE S & T — /i 3
Py ASCKE IR 7 NIRRT IR S . #
AR, U L E, XRE AR
JEH A TREATIRGL, RN 2 YY)
MLEE, #TEEBIRAMAR AL, RS
AR, X — 2 BUh B 8 AR e 1 %
Cip RS RNCI E SR VErN
24 YNEASIRBEIAME

XoF 1R A5 A ) A 3 B A 3 L 5 Lk 3 A
WHEY, HoE&Z MFERE KRR, NT HE4a%
MRHEELE, SELR AR & M PUs T B m it
W, BB E T B E AR T,
I PR ICIE S G B BRI L DR BB T
I AEER .
241 RMEE BRI

B AT H I 1R A T AR ST ) L R R R N
THREEHERE, THENFELEEFEN BT
B SR, T EEE NI IR AR
AN ST ORENRRERNEE, KN
g IR SR, TR

0
(7+85)V'(V¢)—0 )

e o 3y M e MR T R AN
WHG ¢ NIE . RSN, R AME E
L LA g R AT A IR O -

V'(5V(p):_po
2
{V-(W¢)=0 @
T [ AT po 1T &, FEE A
VxE:—a—B
ot 3)
V-D=p

Kb ENMsREE: B NMEERNGET: D AL
BRE; p NHMEE.
W EEAERNERBZEEEENES

P RS R R [ B B T B s AT L, R4
Q) ETH IR & WA f0 2 [B] HL T B A . BE— 28,
el AL N % 18 ELIAU A L AR SR SOA A O
AR S L A A TR B A R o RS IR AR A
WO B T2 G oK, R B 2R 2 45
LTI T 25 A% v s B BRI ik 6 F s . A2
T R R S A P S e i v s 3 MK, [
IR H 8 18 B AR R B e R A T &
G L AR . FERR I SR I, R A R
—U RS Uy, ATLARACATE-U R ERIR R
=~ 20 FIBrER s, BRI EE ThR 2E S 45
Wt S e i R B AR A I L o ARE BB IR S e
HUE-15 KV FI+15 KV, AR, w438 A
N 57.265 so A% g il AR 4 S ARARCAN [R] N 2] 4%
Ko Al 3 fros.
242 WMEERE AR

BATRIARY], RIS R ) B A
THGRB R RE . WNEENBEEGS 2
ANFRUR: TR AT A AR R AT H 1 A BT 45
FEo MRV RN 2 rhoCo T AT R 2E HA 0 0 R B A
ARCHH RO FRLT I 7 A R RO i AR B R R
PIRZ —, AR AT p WIRIRA:

R BEEIEX AR RS H
Table 1 Materials and parameters of the bushing components
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Fig.3 Distribution of equi-potential lines during the reversal

process of sleeve flat insulation structure
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Fig.10 UV observation results of the bushing on the side of

the ultra-high pressure valve during operation
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Table 2 Relationship between dielectric loss factor and

capacitance with test voltage variation
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