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Research on Wind-induced Vibration Suppression Method for Grading Rings Based on
Counterweight Optimization
ZHANG Youan, WANG Xi, ZHANG Chengcheng, WEI Chunru
(Xincheng (Liaoning) Power Capacitor Technology Co., Ltd., Liaoning Yingkou 115007, China)

Abstract: The grading rings, as a key part for electric field homogenization in high -voltage transmission
equipment, often experience vibrations induced by wind loads, leading to structural fatigue or even frac-
ture. In this paper a wind-induced vibration suppression method by optimizing the dynamic characteristics
of grading rings through counterweight addition is proposed. First, a dynamic model of the grading ring-
counterweight system is set up to analyze the regulatory mechanism of counterweights on natural frequen-
cies and vibration modes. Then, finite element simulation is used to verify the vibration suppression effect
of the counterweight-enhanced scheme on wind-induced frequencies. Finally, the engineering applicability
of the counterweight optimization scheme is verified through a case study of wind -induced vibrations in
grading rings installed on capacitor banks at a converter station in Hami, Xinjiang.

Keywords: grading rings; vortex shedding frequency; wind-induced vibration suppression; counterweight

optimization ; natural frequency

ARG

AR SCH H T IE AL A B 4 P RUAIR 41 6 5
ik 8 I B AR (1 H AT s BCE [ A R
AR I R o 5 5 I SRS 4 R A Ul 4 e B KR

518

P ER e A A e T E A B s, 2N

B, B AR B R TE i TR T R Z 28 EistT. 1
PR A i s P 330 2 241 P 37 ) SR SRR AV, A5
WIREE T 5y IR R IR 3 5| K G M e 57 L R I 2,
R 22 A ia AT o R XUIR I ) 32 2R A H
b BRIE BRI A E 3 2T70k B 2 XY
ol 2 ] 52 BR 377 57 v N HTASCR 32 BR o a4 of i o i
F A A AT AL A AU R B L 5 3h e e £
AET , AEFCAE B R PR XU A1 1 o ) BT 7 ] i oA

rFs B A :2025-06-26

S0, e T SR T AR 5 b BT S8,
Feis s MEIRSh IR P28 5F nT SR AR AL

1 HERRKIRVLIR S #r
1.1 HERGEHRIFEZESTT

2025 4 2 H 5 H B s g 25 F 4 g vl 28 e KRR
KA, MBI 2 m ALINAS B R B XU 2 16.2 m/s, v
N BP11 AR S EA IR S 4 .



2025 455 6 1]

L AR S o M

463

TR TR SR 45K HIR XA i
FUIE VR EEE 1180 m, ST EE 25 44 1l JRU T [X e
Z— AE R AT IR 6~8 m/s , HEHFKER T 155,
B s XU AT 38 10 G I, JRy 3 DX AR R XL H 4k
1 100 K",

W IR KR R & S BOR K TE R A
Y AN L) A 109 3 3t 7% L 2 BURIAMEBOIR )
R AL TR 54, e KGR n R 20k AE iR
AR, 51 R SR, IR A5 ¥4 98 55 , K 91 T AT g
SEURLETT 2 BN S

AT BP11 LS B R T R G 28 2 HE
FURIBUR Flow-Induced Z5#4,8%% 19 )2, 405 18.1 m,
HRAE L AL 5341, 7R 7-19 JE I A, i 46 13 R 34
PR 7.4 m, 2 RIEE 0.8 m, REAREEA LA 1,

I

18 100

1 BARBEATEE
Fig. 1 Overall schematic diagram of capacitor tower
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Fig. 2 Installation schematic diagram of gradign rings of
capacitor tower
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Fig. 3 Schematic diagram of grading rings module and
boundary consitions
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Fig. 6 ANSYS model of the central counterweight of
grading rings
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Fig.7 Natural frequency of the central counterweight of
grading rings
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Table 1 Paramater comparison with and without central
central counterweigth of grading rings

Bro  JCRCEMR/Mz  PURECEAUR /M,  BURIE%
1 12.324 8.717 4 29.26
2 20.689 13.6180 34.18
3 25.428 20.882 0 17.88
4 29.919 29.843 0 0.25
5 44.723 39.5190 11.64
6 60.523 59.3150 2.00
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Fig. 8 ANSYS model with counterweigth on both sides of
grading rings
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Fig. 9 Natural frequency with counterweigth on both
sides of grading rings

9 B4 9 ) i 5 TG TG B S B0 IR LR 2,
H 22 2 AT LA W 25 SR P00 3 e =, SRR
B = B IR YA B RO YRR 6 B[]
A HR TR 30.7% ., 64.5 Hz/41.91 Hz =~1.54>1.2,
ALEEFF 10 DR fronen 5350 R IR [E AT A0 238 2 ] 0 1 2%
FefRr,
®2 WEARNRESTHRESEXR

Table 2 Paramater comparison with and without
counterweigth on both sides of grading rings

Bl CECESUR/Hz PR AR/ He SR %

1 12.324 9.278 8 24.70
2 20.689 16.5370 20.00
3 25.428 18.3590 27.80
4 29.919 20.438 0 31.70
5 44.723 39.165 0 12.40
6 60.523 419100 30.70
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Fig. 10 ANSYS model with counterweigth on center and
both sides of grading rings
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Fig. 11 Natural frequency with counterweigth on center
and both sides of grading rings
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counterweigth and without conterweigth of grading rings

B CECESUE/Mz 3 AR ESRMH, R %
1 12.324 8.744 3 29.00
2 20.689 14.558 0 29.60
3 25.428 18.703 0 26.50
4 29919 22.5950 24.50
5 44,723 37.5790 16.00
6 60.523 43.076 0 28.80
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Table 4 Comparison of wind speed ranges for resonance
under different modal frequencies
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counterweight of the grading rings in converter station
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