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Vibration Noise Analysis and Control of Bridge Arm Reactor
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(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology, Chongqing University,

Chongqing 400044, China; 2. Xi’an XD Transformer Co., Ltd., Xi’an 710077, China)

Abstract: The vibration of bridge arm reactors due to alternating electromagnetic forces has caused non-negligible noise
pollution for the environment. Aiming at the problem, we establish an electromagnetic-vibration-acoustic field model of
the bridge arm reactor based on the calculation of key parameters. The main vibration frequency characteristics of the
bridge arm reactor and the effect of noise radiation direction are analyzed. The influence of AC/DC complex conditions
and boundary absorption coefficients on noise is studied. The results show that the directivity of noise distribution is
mainly determined by vibration shapes at an inherent frequency, and the interaction of DC and AC components will affect
the main direction of noise distribution. The sound pressure level can be reduced by enhancing the surrounding boundary
absorption coefficient. Then, the sound field simulation results with sound insulation device are obtained. Orthogonal tests
and analysis of variance methods are used to study the influence of sound insulation device parameters on the sound
pressure level (SPL) and material usage. A multi-objective optimization model for the sound insulation device based on
the Kriging agent model is constructed. The noise reduction effect of the optimized structure is significant, with a 15.2%
decrease in sound pressure level and an 8.9% reduction in the material consumption of the sound insulation device.

Key words: bridge arm reactor; finite element method; vibration and noise characteristics; AC-DC compound conditions;

optimization design
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Table 1 Basic parameters of bridge arm reactor
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Table 2 Basic structural and key parameters of

bridge arm reactor
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Fig.3 Coupling diagram of multi-physics field
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Table 3 Basic material parameters of bridge arm reactor
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Fig.4 Results of mesh generation
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Fig.13  Sound pressure level at measurement points with dif-

ferent ground absorption coefficient
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Table 6 Orthogonal experiment results Table 7 Table of variance analysis
L = ——
WEoxonm o ox o ox x xS R Mg HE BETHR HGE M P fff
1 M M L M M M 71.9 6.40 X, 5.031 2 2.516 0.046 0.955
2 L H H M M M 69.6 5.82 X, 3.028 2 1.514 0.028 0.973
3 H L L M H H 72.7 5.86 X3 2.058 2 1.029 0.019 0.981
4 H L H M L M 68.6 6.18 SPL Xy 15.908 2 7.954 0.149 0.863
5 M L M H H M 72.5 6.44 X 8.268 2 4.134 0.077 0.927
6 L M L H H M 73.4 5.86 X 775.647 2 387.823 137.193
7 L L M L M H 72.8 6.24 R 1.635 2
8 M L H H M L 61 5.63 X, 0.391 2 0.196 1.805 0.198
9 L M H H L H 71.1 5.96 X, 0.033 2 0.017 0.126 0.883
10 H H M H L H 72.3 6.44 X3 0.139 2 0.069 0.555 0.586
11 M H L L L M 722 6.01 MEHE X, 0.159 2 0.080 0.644 0.539
12 M M M M L L 57.5 5.60 X5 0.074 2 0.037 0.287 0.754
13 H M H L H L 58.6 6.16 X 1.015 2 0.508 7.608 0.005
14 H H L H M L 58.4 5.88 Rz 0.081 2
15 L L L L L L 57.1 5.44
16 H M M L M M 74.7 6.38
7 L H M M H L 561 560 K8 A i A
18 M H H L H H 72.6 6.60 Table 8 Sample Space and the simulation results

BRI FE T4, AASFEA T ESG A SR, $2
T ME R TS EE o 0l v SR DR 3R ) 22T 7
LRI M, F S, B8 HELR
KT B 5 2 WK T

ZEAR T BAE, AT LRI xan xe WHRIG 45 R
WEEN 2, xis x20 x3+ xs XPRIG S B B2 .
Rltk, 76— D AT AR RLALRT, (0K x4y X6
VENRAL A B AT R T - e, fRFF A &
NIMEK, MR 8).
4.2 T MOGA-Kriging & B4 I& T

AR () H 2 8 74545 1E 2 B0R0 45 44 i
2 TE) R a0 0% R o AR B ASE B AT 1 R R O
Kriging. 2K, B miss, —8E H
Kriging 3 ARHAA . Kriging FAIRTLEL 0 1 o8& 4
B N —AFENLERE, 2 00 A R i A 2R
HmZE A R, HRE N

y(x)=g(x)+Z(x) (11)

X g AREHLERE y = y(x) IOME, REER
AR, HEARE T ERR N e(x)=r"(x)8,
£ (x) AEARRL, B (a4 E R ELG
Z (x) 3R 5 22 F 3 ALURREAL o

FRAE R 8 IREAR 2% (] Al FL45 A i T M v
PLasill iR MR HESREEEEWSH
B8] ) Kriging JTME A, Hom B 2¢ R W& 16,

NIRRT S B S S, SRS AT I PR AL

1504 5 X, /m X¢/m SPL/dB MR E/m?
1 1.258 0.233 59.3 5.8424
2 1.324 0.278 66.3 5.9395
3 1.191 0.211 56.9 5.8189
4 1.302 0.3 71.7 6.0339
5 1.213 0.367 73.7 6.3339
6 1.369 0.256 60.6 5.8263
7 1.280 0.389 73.4 6.3589
8 1.347 0.344 74 6.1498
9 1.236 0.322 75.2 6.1633

H, XH £ H Fritt £ H 2 (multi-objective  genetic
algorithm, MOGA) AT AL 1T« MOGA Hik ik
T2 NG TS AT AR SCRCHE P 1B AR S T AR
T, XEFZABERMLAN, BEFRE R &I

T PR Kriging IR, 454 MOGA It
L, RIS T I R IR AR B e B A5 24,
Wk 9 Fios,

RIEL 9 KRR SE, RS i
BRI S5 K S8 8 1SR AE T 34T A I 07 Bk 5
3 RNRAGHT 5 I RS R oA an &l 17 s

YT 17 W AT P R R AUE R, 453
LSS ZHCT MRS R Dy 58.2 dB, AHEL T4k
HTF 68.6 dB [k 15.2%; F#PRHHIEDY 5.63 m?,
HARAL AT 6.18 m3 Y/l 8.9%, 4 45 FRIGIE T 11
WITERIERTE . ik — B BRI AU TR K
AT LARR 5 & 9(b) M & 14 46 7 0] 76 B 25 25 B N 1 1k
WS Fe
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Fig.16 Kriging approximation model
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Table 9 Optimal structural parameters

fofbL®E  x/m  Xx,/m  X;/m  x,/m  Xg/m X /m

A 1.876 0.2 0.2 1.38 0.2 0.2

SPL/dB —e— MRAL AT A
—— AL AT I A B
—o— AL S5 A
—=— ik J5 T B

2

24 23
K17 ARAGHT A A R oA
Fig.17 Sound pressure level distribution before and

after optimization
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5 ZEig

1) MR BB a% 52 20 U FLRE 0 F P A =2 3 AR
HHFEIRIFE N 100 Hze TEBRESTHT,
Bt w538 A TAE A 50 Hz 55 R 4k
YR L

2) fEHRENHIA 100 Hz T, 7L LI 5
M7, B A SR A e 52 B4R
(] 72 1 S, W s ] REAT R B A0 2 (] 1) ] Rl
TERCIT A R8s B 7 &5 28I o 2 AR EAE
SO PR AR AR R By s Bl Y JE B TR R AR A
I, FERGOKF B SRR, Bl R S R O
75 R AR B/ B A T 5

3) I IEAZ RGN T 22 43 M 9 i A 4
FISHO 75 R GOKF AR RS, 45 R 3R
x4y xo MARIR 25 R BCN B3E, s TR K
T MOGA-Kriging AR 3RS 1 S AL 45 1 24K
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