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Fig.1 Schematic diagram of UHV shunt reactor

internal structure
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Table 1 Grouping of air gap position arrangement

DiERAg s RBALE | TEREIG S SBALE
Al A, 2 AAA,
A2 A, c3 AMA,
A3 A, 4 AAA,
A4 A, cs AAA,
AS A, C6 AAA,
Bl AA, c7 AAA,
B2 AA, 8 AAA,
B3 AA, ) AAA,
B4 AA, c10 AAA,
B5 AA, D1 AMAA,
B6 AA, D2 AMAA,
B7 AA, D3 AMAA,
B8 AA, D4 AAAA,
B9 AA, D5 AAAA,

B10 AA, El AMAAA,
C1 AAA,
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Table 2 Influence of air gap number on

(10)

O gve =

total

core vibration parameters

AL d/ pm o,./ (N-m?) B/T
25 35.481 1.632x10° 0.442
23 33.029 1.517x10° 0.443
21 30.648 1.405%10° 0.446
20 29.538 1.347x10° 0.447
19 28.210 1.291x10° 0.449
17 25.802 1.177x10° 0.452
15 23.453 1.065%x10° 0.455
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Table 3 Influence of air gap position on core vibration parameters

- Wi
Al A2 A3 A4 B1 B2 B3 B4 B5 B6
d/ pm 25.269 23.261 26.292 39.861 44.107 26.672 20.205 17.770 21.590 19.404 14.883
Udm/ (N-m™2) 1.097x10° 9.880x10° 9.902x10° 1.350x10° 1.471x10° 1.147x10° 8.288x10° 6.986x10° 8.454x10° 7.834x10° 5.819%x10°
B/T 1.723 1.442 1.105 1.444 1.723 1.707 1.058 0.829 1.088 1.035 0.699
o i
B7 B8 B9 B10 C2 C3 C4 C5 C6 C7
d/ pm 20.166 28.865 31.665 44 .802 20.383 15.526 18.362 14.326 17.403 22.175 13.620
ag../ (N-m™2) 7.578x10° 1.045x10° 1.127x10° 1.500x10° 8.530x10° 6.456x10° 7.281x10° 5.865%10° 6.975x10° 8.345x10° 5.523%10°
B/T 0.827 1.038 1.057 1.706 1.078 0.754 0.886 0.680 0.709 0.885 0.660
4 HiH
- C8 C9 Cl10 D1 D3 D4 D5 El
d/ pm 16.517 22.548 33.092 12.828 14.648 16.176 17.743 17.646 13.225

o,./ (N-m?) 6.540x10° 8.606x10° 1.193x10° 5.469x10°

6.137x10°  6.664x10° 7.147x10° 7.034x10° 5.701x10°
B/T 0.683 0.757 1.083 0.638 0.662

0.662 0.661 0.639 0.543
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Table 4 Comparison of improvement effects

WS d/pm o, /(N-m?) B/T X/Q
A 29.538 1.347x10° 0.447  1530.880
itk e 23.948 1.083x10° 0.459  1560.960

BEAh R M2 538 R FRAE 2 M7 1 28 2 1] 22
SRR/, = (12) fis o

ay — oy

x 100 % (12)
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a,

Hodr oy Al e, 20 50 R B S5 00t I 5 i3k
BB EIE. EEFATH,d.B o, MXHERE
390K 18.925 % .19.599 % .2.685 %F1 1.965 %

A3 AT B2 R 4 508 vT DL & R, B AR el e ek
SO 14 PR RN 58 B 0 AR R AR T — AR AR (B 3
fInT 2.685%) AR B Z Sy IR SPERERS A T
TR RO T N S B A A B X8 5 ARy I R
T 19.599 %1 18.925 % . X UERH T A SCHE H A 4 =
JEFFE fL P 2 B IR By SR BENS A s 55 45 =
FEFFER L PL AR B IR s i . TR s, ekcatk i Js H
PR S B P EA AL T 1.965 % , Fe A ST HY Y
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5 it
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AR AU PR 08 FEL R JE I i FEE 4 At < i o7 g F
A AR S A5 35 07 R I AR fL R S5 A0 B R )
KRBT E58

(1) 45 80 H 156 FE e e AR B A BRORn A 5 1Y
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/DN A BN A A ) 40 i, e 3
FE 374 555 B v iR Sl 55

(2) 8t 32 7 72 5 ) AR By 559 114 F2 2 J PR, 2

ONHR Bl 57 B8 45 7 MR 5 3 T g ) - {1 Pearson A
KRB 0.999945;

(3) Bk ts FR 1w N 7~ 498 32 2 808 P H
J I R B B LA M 22 v B 5 0 R B 4 4R
7 B 1 S [R] 52 i JH v R ES P R A S 0 R T
Y E 5 2 mm w1 Y {E /Y Pearson AH ¢ R 204 R
0.887752, ZsZ MEKIts 32 1 K/ N B B R 3R
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NIRRT 7 28 1% 07 ERENS (5 i R I B H P AR
BRIONR Bl A B Y 7 AR B AR 18.925 % , BT AT 1Y

P s LA ) M 25 5% (http : / www.epae.cn)
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Influence of air gap structure on core vibration of UHV shunt reactor
GUO Jiayi'?,GENG Jianghail,LU Fangcheng'?,ZHAO Xiaoyu’,NIU Leilei"*,PAN Yirui'
(1. Hebei Provincial Key Laboratory of Power Transmission Equipment Security Defense,
North China Electric Power University, Baoding 071003, China;
2. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;
3. China Electric Power Research Institute,Beijing 100192, China)

Abstract: Taking the influence of the number and position of air gaps on the core vibration of UHV (Ultra
High Voltage) shunt reactor as the main research object,based on fully analyzing the core vibration mecha-
nism of UHV shunt reactor,the vector sum of Maxwell force and magnetostrictive force is considered to be
the main reason affecting the core vibration intensity. The possible structure types of core air gap are ana-
lyzed systematically, the real simulation model of UHV shunt reactor core with different air gap numbers
and positions is built,and the influence rule of air gap structure on the core vibration of UHV shunt reactor
is obtained by using the calculation method of multi physical field finite element simulation. Study results
show that within the study range(the air gap number is between 15 and 25),the smaller the air gap number
in the core of UHV shunt reactor, the weaker the core vibration intensity. The air gap position near the
bottom yoke can enhance the core vibration intensity, while the air gap position close to the 3/4 height
center of the core column can reduce the core vibration intensity. On this basis,a design scheme for core
vibration reduction of UHV shunt reactor is proposed,which can reduce the root mean square displacement
of core vibration by 18.925% by comparing with the existing core design scheme.

Key words:UHV shunt reactor;core;vibration;air gap number;air gap position
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Fig.A1 Calculation process diagram of UHV shunt reactor core vibration calculation method
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Table B1 Design and operation parameters of UHV shunt reactor

24 e
e A 377.9
1BAT B IHz 50
T4 4 [CRR E/MPa 1.95x10°
A i b 0.27
TEEAM 2 1 (kg M) 7650
S KA /MPa 5.5x10*
BRI L 0.45
A5 [ 2% 85 13/ (kg m®) 895
B R (kgm®) 2600
K% JyiPa 5x10°
AR AN I RGN (Pas) 0.021
ABR KB/ mm 1016.5
AU ESAT TR L 1

B EA/mm 850
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Fig.B1 Distribution of B and g, in D1 and D5
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Fig.B2 Comparison of improvement effects
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