U EX T RS

2024 4F9 H

Electric Power Engineering Technology

F43E FHSHW 216

DOI:10.12158/§.2096-3203.2024.05.022

T VR AT 1 T AR T

ﬁ};—{i%l’ Tﬁd&l, 51—(71:\?1’

2544 FE R4

F X, kM, IR

(1. [ R4 Ay 28w o H Rk AR TE B , PUT] AR 610041
2. DY AT R B AR S BE , DU )T AR 611756)

BN S ELES RSN EZRATP A0 SRR ARIE L AR A T BT, M KRS L3RR H R
A AR I 6 R, B IRBE T 3 R IR L5 A R IR A B 23 R AR ) & R A T AL, B AT R @ xR
B R IUARREA RAFH AL A 0 R LA EH, P H KA COMSOL SRAF#42 T 500 kV % JE 25 it & 3% 56 =) 2
Z R KRR R E R AR SR R AT RIS R AR R R AT R RS E ERIKR S T 0

) A

T, FEREIAY)ERE BA R RIG KRR B o, ) R R 2355, AP ERKATF R

AR K;HERALRR BN LA ERASDF TR, L P AR EEIENERD THRRER, UK T %

R, ERR @A, R M, AT

;rﬂsﬂﬁc

RS ERE S ETERYERE A X TERE—F

KEW: BAR EEL YRR, B 5H ;8 R0 £4EF A

HE 53 %ES  TM503 SBRFR ARG A

0 5§

R v TR s A T 4% 02 1T o 2R 7 A o ik
B AR o A5 A8 a1 g LA By 1k I 7E 4 is Je
P BB A [ i P, g, 3 AN A B ) R B AR R
F BT

H AT, 4 e F 728 He 2% — Ml 3o V4 n 4 2% 0k 25
A TR BRI ERE Y o T )7
FEAFINAR 0 4 2 BT AL 4G 24 T B8 ot
FIEA R 46 B BETH AT o A8 T 28 A6 Wt &5 U
HAEE G A JREl ., B i & | N4 55 )@, 52
M SV A T X o VA S 45 ) B 5 )
SKIRESA S HAE IR A 25 3L, Biore AT 1 R B
Jry BT PR A5 PR 2R R 4 ORGSR Ik (R S e . O A TR L
R, 7E72 TR A B8 R i B2 0 5 18 1 28 R e 4
R R R AR I & o SCHER(8-9 ] 43 THRINE
B R SRR G I PR A, 32 8 T B E IR AR
o SCHR[10-13 ] 4347 1 A [R) 34 Fe SR 454 B FaL 375
SCHR[ 14-17 14387 T 728 He 255 WUA 25 44 3 e B4 1 RS
BT R AR A A e, 45 T 8 R I R 1 22 AR
HAHZBOHIE R % I8 T AR R AUE T I RS
A B 7 R R AL B R 52, SCHR [ 18-
22 1 WHSE T TR AR T S AR SRR A G A A
e R 300 (8] 3% 04 05 L o0 B (B IR 75 18 34 s 36
TEBRERE CANFAAE MR M55 ) 1 X 5 (o] #%
WA B 2 :2024-02-24 ;45191 B 7 :2024-05-23
AeF 8 BFHKHAFELFT IR A (52077182)

X E %S :2096-3203 (2024 ) 05-0216-08

o A B RE A o SCHR [ 23-24 ] B X K B B BR 1
JEA A s AT T WA B L it .
BRL25 TS T WRET 451 T B9 33 R BRCR G o 3¢
BRL26 ] 70 Ar 1 XD S5 8 H 20 3R T8 A7 78 UKL 1Y)
RO, (8 32 2 25 R o KLU X 389 e B 3 T HELRE 1)
SO o L5 TR, AR 48 2% T R 0 7E B A
A Vit 4 e 49 e P 1) 7 2 R AR Oy B b 1 R 3 03
i o TAE P R e ik 56 55 %o Fi s A 48 v 2 3R 1 ik
B rp, AR 2% B 45 OR it 1 I 1) 2 R M AR 4 xR
g RN A B . BT AR A K 50
S5 MER TSR OCHE — P R T R A L Y
JE¥R o A2 B AT AR He 25 72 i R 156 [a] % v S
HL A M R 1 BIF 9T 22 7 15 S 20 3 T 6 33t AR T 4 1)
SN AT, AR IS B R v AR RN 3R TE B RS X 8
FEIR 35 HE 8 1 i 5

HRCET X 4 v Fe 728 F 4 6 o T 3R 64T A8 #21K
ST K, TR T S A% ERE T R, 33K
AR A B AR ) 7 AR RO T, 5 R e 4
PIHERRPE 20 T SR Y IR R I ¥ R 3R, SCh
FEZ AR T W 5% 28 S i e i 565 [ 5 o 2 e 2 19 13
JTE#E, R COMSOL Multiphysics 47 FR G 07 H 4K
PR ST £500 kV AR F 4 i 3 56 (o] 2% = 2t {7 B AR
R 3 H 7 I ROk T AR e A8 A R i
P FRFFJE R AL 3 20 A 1 0 72 o g s ) A ek
OYMIHE R IRIREE T, 5 FE 2 i RS A8 Ak 1L [l
FL AT (R RE R, LA S 359 R A A A JEUIE s B AN [
UL s o L1 R e T s



217 B 45 - iR o L T A 3 IR RS M it

1 35 [ B%

S s 198 2 i A A — o DB T i 44
GRPERELF IR O ¥k o M S i v HEA T ISR AR 1L L
U PR REAS [A] Bf A6 25 I | 60 P ol Al s A e, (75 U
SER R AT SR Bl SCH R T 8 A2 4 AR B
R AL AT SO s B, 7 AR AT, i
560 ] e ik 38 T IR oA ) 38 T 4 19 it s 7K, G 1
F7s o TSR e AR B, IR 1 R IR
TR (e s+ 250 00 AN 2 DR O R T sy i A A Jeg S
JRCHL , FE7AE s i | 73 Hs i A5 0 20t A o 11 Y 30 22
E I IR T R

L
S
e
| Lq
I - =
~ E ) T, TETO
! w® T C
O > -+

S—IFG: T—E#: T,— 0B L—HPH:
PV,.PV,—HIE%: C.C,— KA,
Cy—HMEHAS: C—HI .
B 1 AEZSAR B B IS R B
Fig.1 Adjustable variable frequency
series resonant circuit
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Table 1 Reference for altitude correction factors
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Fig.2 Circuit model construction and grid generation
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Fig.3 Structural issues with the grading ring itself
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Fig.4 Three shapes of particles
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Fig.5 Electric field simulation of test circuit
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Table 2 Maximum field strength values
at each location
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Fig.6 Maximum field strength under different
parameter changes
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Fig.7 Local electric field distribution and
changes with protrusions
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Fig.8 Local electric field distribution and
changes when a depression exists

d FEE H AR 2 B s R . 1eoh,
TN [ o 1) R L 2 5 WRHC L 7 A L, BT LA
DR TRPRR(AHXT A LB 4) AR (A
XA HLH LY 8) KL (R XS A HLH B2 15)
3 BN FEARRS A R AR R R SOX R ECE
1 IR 5L N VR SF A TR OB 19 R AR — R T
0.2 mm &A1 SRR — R/ 0.2~ 2 mm, 75 UK
ULl R AR d A H AR BN 1 ek
SEASALE L, AP 9 (a) AIFE 9 (b) F/R

el

o]

W kA U N 0

E,.=8.54 kV/cm
(b) IR AT

N

RS #/(kV « em )

~55F TPHR ~gol —~ fb ik
=50 AIRE =5
5 s [~ Bk 2
i :
=30} =
25+ R
sz./////r**J Rhe
15+ I
10 TR o
0 05 10 15 20 2 4 6 8 10
i /mm JEA2/mm

(a) ANTFJ R BE N f R o (b) AREAE T iR K758
B9 EEBbiEKFETN
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Fig.10 Simulation cross section field strength of
spherical and hemispherical particles
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Design of grading ring structure for high altitude ultra-high voltage transformers

LIAO Wenlong', DING Lijie', ZHU Tianyu', HUANG Zhiwen®, ZHANG Yu', WEI Wenfu®

(1. State Grid Sichuan Electric Power Company Research Institute ,Chengdu 610041, China;

2. School of Electrical Engineering,Southwest Jiaotong University , Chengdu 611756, China)
Abstract : Before putting into operation, ultra-high voltage transformers need to undergo strict handover tests to ensure their safe
and reliable operation. The grading capacity of the grading ring on the transformer will affect the accuracy of the handover test.
When there are problems with high altitude environments or grading ring structures, their grading ability will change. It is
particularly important to study and design grading rings that can have good grading ability in different situations. This article
first uses COMSOL software to build a three-dimensional model of the withstand voltage test circuit of a 500 kV transformer.
Secondly , the influence of changes in the pipe diameter and ring spacing of the equalizing ring on the equalizing capacity of the
equalizing ring is studied. Finally,the variation of equalizing capacity of the equalizing ring in a rough state is studied. It is
found that as the diameter of the equalizing pipe and the ring diameter increase or the distance between the rings decreases, the
equalizing ability of the equalizing ring will be enhanced, with the greatest impact brought by the change in pipe diameter. When
the grading ring has a rough surface, its grading ability will significantly decrease. Among them,the grading ability decreases
most significantly when adhering to conical particles,and decreases least when concave , indicating that the smoother the surface
of the grading ring, the better the grading ability. This study can provide some assistance for the design of grading rings for high
altitude ultra-high voltage transformers.

Keywords : high altitude ; transformer ; grading ring; electric field distribution ;corona discharge ;roughness problem
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