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Power grid transformer vibration-noise coupling effect considering subway stray current interference

PAN Chao', AN Jingge', LIU Chuang', LI Zaiyuan', SHI Xiaobo', DU Yi?
(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology (Northeast
Electric Power University), Ministry of Education, Jilin 132012, China; 2. Dalian Power Supply Company,
State Grid Dalian Electric Power Co., Ltd., Dalian 116001, China)

Abstract: To address the abnormal vibration and noise in power grid transformers caused by stray currents from urban
subways, a transformer instability identification method based on the mapping relationship between stray current
variations and inherent noise is proposed. First, the primary paths and mechanisms of stray current interference in the
power grid are analyzed, and the characteristics of the stray current variations are summarized based on measured data.
Next, a multi-physics transformer coupling model considering stray current interference is proposed, dividing the
electromagnetic-mechanical-acoustic coupling into an electromagnetic interference domain and a vibration-noise
propagation domain. Through simulation analysis under different scenarios, the interference and propagation patterns of
stray current mutation rate and timing on transformer parameters such as current and magnetic flux are studied. Finally, an
experimental platform is set up to measure the multi-physics characteristics of transformers, while the correctness of the
proposed model and conclusions are verified by comparing experimental and simulation results. Moreover, an instability
criterion is established based on the mapping between the stray current mutation rate and noise. The results indicate that
the vibration and noise of the transformer intensify significantly at points of stray current mutation, with the problem
being most severe when the phase angle difference between the stray current mutation timing and the initial phase of
power frequency excitation is 90°, leading to an approximately 10% increase in the inherent noise level. This method
provides a basis for situational awareness and equipment protection of grid transformers near rail transit systems.
This work is supported by the National Key Research and Development Program of China (No. 2021 YFB2400800).
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Fig. 1 Stray current intrusion pathway
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Fig. 4 Circuit diagram of stray current interference
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Fig. 5 Winding axial electromagnetic force unit
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Fig. 6 Basic principles of iron core vibration
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Fig. 7 Vibration noise coupling principle
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Table C1 Related transformer parameters

BB Ui B RS A i HAZ LS B
Ai%/Hz 50 50
2 S /kVA 15 15
HUE UV 220/110 220/110
TR 1)/ % 42 42
Bt R~ /mm? 240 x 60 x 260 860 x 260 x 840
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Fig. C1 Simulation model of transformers

e 21/75 50 25
. 0 100 nl%
(a) B EZRA(AD = 0°)
45
/Mm
D 40
~
350
a7 437 T75 50 25
0 100 e

(b) ZE#B(AE =0°)

[ C2 EHlmRGTX&R
Fig. C2 Virtual mapping relationship

(2]

[3]

(4]

(5]

(6]

[7]

(8]

S5 3Rk
(1] SkERZE, XU, Bhlkfe, &8 MRS ERIR BN A

RAWFFE[I]. ST PUE SR 5T, 2017, 20(4): 67-71.
ZHANG Dongliang, LIU Juan, XIE Yehua, et al. Evaluation
and analysis of dynamic stray current in DC metro system[J].
Urban Rail Transit Research, 2017, 20(4): 67-71.

BT, DS ZE . bR A PR VA 4 AT R BUAE  A [0].
W UE BT AT, 2009, 12(12): 42-47.

ZHAO Yuhui, ZHOU Xiaojun. Numerical analysis of metro
stray current distribution[J]. Urban Rail Transit Research,
2009, 12(12): 42-47.

HResh, W, BIRIE, 5 HEREUE R A ZHUR
DB S AL LS T[], IR
Gifidr 545, 2023, 51(4): 53-61.

XIA Nenghong, TANG Wentao, LI Huaishen, et al.
Modeling and analysis of dynamic stray current and ground
potential gradient under partial insulation damage of a
metro track[J]. Power System Protection and Control, 2023,
51(4): 53-61.

ZEME, BRe5A, TRR. HLBRJRHLF RS T R B Hh R
RUAL TSRS BURE R e A [0]. FRREA S HOR 2241,
2023, 38(2): 105-113.

LI Huaishen, XIA Nenghong, ZHANG Jun. Calculation
of surface potential and analysis of sensitivity factors
under the influence of stray current in metro systems[J].
Journal of Electric Power Science and Technology, 2023,
38(2): 105-113.

W, B, EEMS, % CERBRIAE T =M
o MR- RSFRME[T]. R TR 2R, 2023,
43(1): 45-54.

PAN Chao, ZHAO Tong, CAI Guowei, et al.
Electromagnetic vibration characteristics of three-phase
transformer windings in AC/DC hybrid environment[J].
Journal of Northeast Electric Power University, 2023,
43(1): 45-54.

LIU Chunming, LI Xiaohan, LI Xinjie. Simulating the
vibration increase of the transformer iron core due to the
DC  bias[J]. of  Applied
Electromagnetics and Mechanics, 2017, 55(3): 423-433.
LI Zongbo, JIAO Zaibin, HE Anyang, et al. A denoising-

classification neural network for power transformer

International  Journal

protection[J]. Protection and Control of Modern Power
Systems, 2022, 7(4): 1-14.

TN, mER, SRR, & kTR AL 2R i
FLAFIE M [I]. #RTH AT I8, 2023, 36(5): 125-131.
NING Xiaoyan, GAO Guogqiang, YIN Caiqin, et al.

Characteristics of transformer bias current caused by



ik, 5F

25 R A ORI T DR P AR T % IR B0 e 7 A 15 RN

- 81 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

metro[J]. Urban Rapid Rail Transit, 2023, 36(5): 125-131.
PAN Chao, WANG Chengjian, SU Hao. Excitation current
and vibration characteristics of DC biased transformer[J].
CSEE Journal of Power and Energy Systems, 2019, 7(3):
604-613.

I, REARUE, I EFE. BUESSENIE 220 kV A&
RS P IR ARSI FE MR D], R HOR 22 4R, 2021,
36(2): 423-429, 437.

LI Xiaohua, CHU Fuyuan, SHI Shenghan. Influence of
rail transit on neutral current and vibration of 220 kV
substation along the line[J]. Transactions of China
Electrotechnical Society, 2021, 36(2): 423-429, 437.
SRHEENN, EE, AR, & BRI N
il S0 446 5 1 1 R e 2 AT (D). b L DR AR,
2016, 36(15): 4299-4307.

ZHANG Yanli, WANG Jiayin, BAI Baodong, et al.
Influence analysis of DC biased magnetic field on
magnetostrictive characteristics of silicon steel sheet[J].
Proceedings of the CSEE, 2016, 36(15): 4299-4307.
UK, EEE, N, 5 BRMELT 500 KV A
A s AR G A IR T )], T BEOR SR, 2021,
36(13): 2801-2811.

LI Bing, WANG Zezhong, LIU Haibo, et al. Experiment
on vibro-acoustic characteristic of 500 kV single-phase
transformer under DC-bias[J]. Transactions of China
Electrotechnical Society, 2021, 36(13): 2801-2811.
ZHANG Bin, YU Longbin, LI Hui, et al. Influence and
analysis of urban subway on DC bias of power
transformer[C] // 2021 6th Asia Conference on Power
and Electrical Engineering (ACPEE), April 8-11, 2021,
Chongging, China: 955-959.

TEBHY, AR, WEEH, & HERBURRE R RS E
TLAmBLANHTED]. HINER, 2024, 48(4): 1700-1711.
CHENG Xinxiang, YU Kun, ZENG Xiangjun, et al.
Restraining method of transformer DC bias caused by
metro stray currents[J]. Power System Technology, 2023,
48(4): 1700-1711.

Bt IR E R R[] B R G R
P 5, 2020, 48(9): 181-187.

WEI Guang. Study on the design of a main grounding
grid in a traction substation[J]. Power System Protection
and Control, 2020, 48(9): 181-187.

R, H/E, RBEES, 45 HVDC/GIC BB RLT %2
FYEHT]. ARG 51, 2023, 51(2): 55-64.
MA Shumin, XIA Shaolian, XIONG Wei, et al. Difference
analysis of HVDC/GIC type DC bias[J]. Power System
Protection and Control, 2023, 51(2): 55-64.

FHA, BOGE, BRATAR. T IR TTNIL 4 AL

[18]

[19]

[20]

[21]

[22]

[23]

WA, R TRESAAR, 2012, 32(15): 148-154.
WANG Hongyou, YANG Guangyuan, SHAO Keran.
Computations for electromagnetic field of synchronous
generators based on the element-free Galerkin method[J].
Proceedings of the CSEE, 2012, 32(15): 148-154.
AHMAD A, JAVED I, NAZAR W, et al. Short circuit
stress analysis using FEM in power transformer on H-V
winding displaced vertically & horizontally[J]. AEJ-
Alexandria Engineering Journal, 2018, 57(1): 147-157.
W, WREE, BRIEME, & SR T AL -HURE & SR B
AR 4% =AM s AT SRR AN - AE ],
HHL TR AR, 2020, 40(14): 4695-4707, 4747,
PAN Chao, CHEN Xiang, CAI Guowei, et al. Mode-state
characteristics of three-phase unbalanced operation winding
vibration of transformer based on electromagnetic
mechanical coupling principle[J]. Proceedings of the CSEE,
2020, 40(14): 4695-4707, 4747.
Mg, A, WAL BT IR A ICOA-ResNet
A8 2R G4 R 2 T D). B0 RGO S 4%,
2024, 52(9): 99-110.
LIU Jianfeng, LI Zhiyuan, ZHOU Yaru. Transformer
windings based on leakage field and ICOA-ResNet early
fault diagnosis[J]. Power System Protection and Control,
2024, 52(9): 99-110.

R, FHEB, EEE, & BT BN AR
s A [ PR AR T 2R SR BN RY[T]. o [ L LR 2
%, 2016, 36(14): 3990-4001.
ZHANG Li, WANG Guozheng, DONG Panting, et al.
Study on the vibration of grain-oriented transformer core
based on the magnetostrictive intrinsic characteristics[J].
Proceedings of the CSEE, 2016, 36(14): 3990-4001.
BUENAE, BT, EI2R0E), 5. 25 IR BUh 4 08 i )
AR R AR BE A RT TE[T]. TR R 23R, 2013, 28(4):
1-6, 19.
ZHU Lihua, YANG Qingxin, YAN Rongge, et al. Research
on vibration and noise of power transformer cores including
magnetostriction effects[J]. Transactions of China
Electrotechnical Society, 2013, 28(4): 1-6, 19.
XAT . AL 28 B D 1 - — DR AIE B R BN 15 5 It
BURSAES BT C[D]. R HPCKAE, 2017.

is HER: 2024-01-07;

&EIHEA: 2024-05-29

EEE T

& R0981—), F, L, I, ARTEOARSF

%A F 5wtk A, E-mail: 31563018@qq.com

ZEFE(Q000—), F, @fE4E, HE, FRFTAAHE

JE A AHE SR, E-mail: 1125462364@qq.com

(CE= )



