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Test and Analysis on Influence of Stray Current of Urban Rail Transit on DC
Bias of 500 kV Transformer
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(1. State Grid Shanghai Electric Power Company, Shanghai 200122, China; 2. School of Electrical Engineering, Shanghai University
of Electric Power, Shanghai 200090, China)

Abstract: The operation of urban rail transit will cause DC bias of transformer, which will seriously threaten the safe
and stable operation of the power grid. In order to study the influence of operation of rail transit on the DC bias of
transformer, the multi-physical measurement method is adopted of certain 500 kV transformer along the line of Shang-
hai rial transit to test the neutral point DC, vibration, and noise characteristics of the transformer during normal oper-
ation, peak operation and shutdown of the transformer, and compare with the vibration noise data of the subway in op-
eration in 2010. It is found by the analysis and test result that the neutral point DC, vibrationand noise characteristics
of the transformer as well as the load power of the rail transit show a positive correlation. It proves that the stray cur-
rent caused by rail transit operation will cause the transformer to operate with DC bias for a long time , which provides
guidance for the operation and maintenance of the transformer.
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Fig.1 Schematic diagram of stray current propagation in
urban rail transit
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Table 1 Relationship between the secondary current
harmonics and the vibration frequency after the DC partial

magnetism occurs

L I HS IR

S | R PR3

i2/€44 Z/Hz 1 /He
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2 100 200
3 150 300
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5 250 500
6 300 600
7 350 700
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Fig.3 Drawing of Hall elements and box monitoring

device for field testing
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Fig. 4 Layout drawing of the main variable vibration

measurement point
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Fig. 6 Layout diagram of the main variable noise

measurement point
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Table 3 Large and small DC value of A phase neutral

point of transformer in each period
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Table 4 Statistics of phase vibration acceleration

amplitude of transformer A during each period

HARIBATINA]  REFRKAE (m-s7) PR/ ME/(m-s7)

14:45-14:46 1.50 -1.00
17:20-17:21 1.20 -0.50
18:30-18:31 31.00 -17.00
1:20-1:21 0.50 -0.50
1:45-1:46 0.30 -0.32
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Table 5 Comparison of the latest vibration acceleration

data of each phase and the vibration acceleration data

when the main transformation is put into operation m/s’
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Fig. 9 Comparison of transformer vibrations over time
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Fig. 10 Comparison of vibration spectrum in different time periods
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Fig. 11 A waveform comparison of the noise amplitude

values over time
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Table 6 Comparison of the latest data of main change

noise during subway operation period with the noise

data of main change put into operation dB
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Fig. 12 Comparison of the frequency domain of

the noise amplitudes
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ML 13 0] LU H 2 7 — K 2 PN R 4R s (]
500 kV AZ FE A% B i A B AR B IR 7S AR AL AN
BAF AT A 3 A B oy D) 2R AR AL S — S AR fL i e, B
TE T 1R % 32 47T (R B, U ACl YR AR AS b
PR TR R Sh AR 44 B RO SR A 1



<154- 2024410 J1

Eudz

H60% H10MA

350 T B 1], B Sl 2R LI, P g 1Y
P S LR IR B AN L il 2 0 5 TRACBLE 52
AT LR A Y B AR T B N

5 it

SCHE i T B A E Y 2 — B 500 kV
FRAS R85 4E — R Z N B9 A [] B[] B, 1E & B[] B2
(14:45-14:46,17:20-17:21) W =04(18 . 30-18:31)
B A IEF T LR (1:20-1:21,1:45-1:46) 4T
rh P ASCHL A R SRR 7 1 22 B [ 2D D
S8 T BB ZEIEAS AT 5 | S Y 2% A H Y 0 AR R A B
IREEA TR Em , 25800 F

1) LIE A2 1E /s 1T L & s i Rl s e
500 kV 28 H g i P o B AR Sl RIR A Y 722 AL RN
LT 28 3 171 fof DR AR I I A DG I AR ka3, HERR
4K FEL 2 AR L T PR PR R I A T 5, ] A
TIE B BB A8 58 38 17 5 | R 19 2% F50F T 4 52 1) 28 1 2%
(4 PR A BT IR Bl R P R

2)8 LY 500 kV AR FR #% i S I S R
T R 3 071 A (14 G I TS 0 , B 2 A S 1 {5z
PR ELE AL T 0, A 5B S B R 2858
TEA TR S — S0 R R e R A . SO T
TP 78 P25 0 A PP AT B e s 1T K5 42.8 A

3B ACHIB T FEOR LA R AR R 3l 2 0
JIATE R IR IS, BRI . A8 s i P 20 i
(BRI R 43 A B 0SS E R | SRS s IR A
F14) AL T A 0 T A 7 fr B K, TR AR TR A iR
Sl Z 5 T A 15542 IR ol R AR /N, A N B
iy | IR S T 2k

4VPUIE 2SS T2 FEOR E AR A8 RS R
S, 7 H i A T S e W Lt S0 MR P {3 n
TRZ110 dB; 28 [E 25 2021 4F M 5 b 2020 4 £z
B3 i T 24 10 dB, HLW 75 Fifl 25 038 28 38 1 far 1) 34
JmisE .

25 b BB SIS AT R ) 2 R T 2
AR e fr HRAW RIS AT , 728 TR A AL T R I
it AR S L A R AR RS T & R Bk 3
FENR R B 3G

Sk

[1] RE VEZRUUPC,VF W A5 BT 0 A5 25 it L i Tt
W7 EARFE]. Bt TR, 2022, 30(1): 46-50.
XIONG Yang, LI Shuging, XU Hao, et al.Research on short-
term prediction method of urban rail transit passenger flow
[J]. Electronic Design Engineering,2022,30(1):46-50.

(2] ZERZE. W BIE Sl A 25 R B A

(3]

4]

5]

9]

[10] X1

I H T TR, 2022, 30(9) : 57-61.

LI Hongling.Research on optimization algorithm of node
importance allocation in urban rail transit vehicle network
[J]. Electronic Design Engineering,2022,30(9):57-61.

KBy b, RS, X0 . 3T Pl Sgam A AR A A5
R T 3R A% 42 75 i A A 7 B ST ()]. A2 TR
%,2022,59(9):49-53.

ZHENG Lizhong, LI Liying, LIU Liping.Life cycle cost
analysis and evaluation of amorphous alloy traction rectifier
dry-type transformer for urban rail traffic[J]. Transformer,
2022,59(9):49-53.

LR R QU S R Y S S E Rk T EANG i
SIS AR 7 BT HL) AR GE A Bk, 2011, 35
(21):110-115.

PAN Zhuohong, ZHANG Lu, TAN Bo, et al. Simulation and
analysis of HVDC earth-return current’s distribution in AC
power grid[J]. Automation of Electric Power Systems, 2011,
35(21):110-115.

oo, LT @ EES IR EEER
Pt ) AT S5 3R 2] F A, 2009, 33(6):33-38.
LI Zhanyuan, ZHAO Wei, DING Jian, et al.Analysis and
reformation on DC bias in main transformer of Guohua
Taishan power plant[J]. Power System Technology,2009, 33
(6):33-38.

B MWL PR O, BRI BRI ) 32 A AR
FA) 52 M) S A0S 48 e i AF (. B VG H 7, 2014, 42(12):
69-72.

ZHANG Bin, HUANG Weizhao, CHEN Xiao.Probe into
impacts of DC magnetic bias on main transformer in
Shenzhen power grid and its countermeasures|J]. Shaanxi
Electric Power,2014,42(12):69-72.

S T LA S e BEIR el 2 B 2. 2017 AR
TP S BEIR 22 E AR AR (D). ST BB 528, 2019(1) «
16-29.

Resources Management Professional Committee of China
Urban Rail Transit Association.2017 annual report of urban
rail transit resource management[J]. Urban Rail Transit,
2019(1): 16-29.

SRR BLHRON, EIRRI, 25, IR%N 2% Heh ket A 4 I
I A8 e 25 04 52 ) 5 96 BRID]. AR R 4% 2022, 59(10) :
16-25.

GUO Zhiguang, JIA Genmao, WANG Zhengang, et al.Ur-
ban rail stray current effects and mitigation for transformers
of cable interconnected urban power grid|[J]. Transformer,
2022,59(10): 16-25.

ZETK NI, 2R, 5 . BRI B RS DL S ) 3R
gi[)). EEIERE,2005,26(5):119-122.

LI Yonggang, LI Jinping, YUAN Huimei.Study on the real-
time monitoring system of laboratory simulation of metro
stray current[J]. China Railway Science , 2005, 26(5) :
119-122.

e, ot B W, A MR A R
RETILT]. TR 244, 2009(4): 571-576.



B 5507

Wi 3, R, 95 A, S5 ST S AR T 500 KV AR T U S R il 13 b <155

LIU Yan, WANG Jingmei, ZHAO Li, et al.Mathematical
model of the subway stray current distribution[]J]. Chinese
Journal of Engineering Mathematics,2009(4):571-576.

[(11] 25 . Mo B i A i S Ba . i B 22
W5%,2003,6(4): 48-52.

LI Wei. The monitor and control system of stray current
corrosion in metro[J|. Urban Mass Transit, 2003, 6(4) :
48-52.

(12] 2% 57 B ST L 5 38 % 30 F WAt o0 A e e e A7 B
[D]. AR - P RIS K27, 2017,

LI Jiacheng. Characteristics of stray current distribution of
urban rail transit{D]. Chengdu: Southwestern Jiaotong
University,2017.

(13] 2= 3, DR, Ly, A5 B i Bl X A2 H il B A 7Y

KE A A BT KA (] B S A3 2016, 53(13)
75-78.
LI Qiang, YE Hongfeng, SHAN Jiangchuan, et al.Analysis
of DC partial magnetic influence on substation equipment
[J]. Electrical Measurement & Instrumentation, 2016, 53
(13):75-78.

(14] B &, %779 46,55 T A ROTE R AR
A ELUL IR R FTSEL)]. 5 FRFLER ,2010,46(9): 39-42.
XIAO Hua, WU Guangning, JIANG Wei, et al.Simulation
of DC bias of single - phase transformer based on FEM][J].
High Voltage Apparatus,2010,46(9):39-42.

[15] XUBRSR, Jil A i ox Az | 2 R0 i BRILIE SCm 0 58 I

L, D6 ) 52 e B3 B i AT SR (D). W R 7, 2017, 37
(1):7-9.
LIU Weiguo,ZHOU Weihua, YE Huisheng, et al. Research
on influence and control measures of metro rail transit on
AC network in ChangshalJ]. Hunan Electric Power, 2017,
37(1):7-9.

[16] WP, Zeam B BUAKI, 2. R HL 28 T 2% T fi
IRIRAFEN)]. B FRA%,2011,48(11):23-26.

XIE Zhiping, JIANG Yimin, WEI Bengang, et al.Test and
research on DC bias of large power transformer[J]. Trans-
former,2011,48(11):23-26.

(7] 58 05,8 W% 07,55, 500 kV LA A B 4k
). AR ,2012,36(3):70-75.

GUO Jie, HUANG Hai, TANG Xin, et al. Analysis on
500 kV power transformer vibration under DC magnetic
biasing|J]. Power System Technology,2012,36(3):70-75.

(18] BR/NA, D7k, 2 3,55, 500 kV & ML AR AL IR &%
ELUR R RG] AR AR, 2017, 54(4): 46-52.

OU Xiaodong, FANG Shanchen, LI Ying, et al. 500 kV
single phase generator transformer DC bias noise level test
[J]. Transformer,2017,54(4):46-52.

(19] 2%, Wk R, ANHEIL, 55, B s x4 e dvas A T
IS 43 BT[], A8 e , 2022, 59(6) : 65-69.

HAN Yuying, YAO Tianbiao, SUN Qikai, et al. Analysis on
influence of DC bias on transformer operation noise|J].
Transformer, 2022, 59(6) : 65-69.

[20] SR, TS, 2ok At , S, 1 X BT m R T 2 TR A

B by WG R BB S B[], L TR A0,

2022,37(15):3733-3742.
ZHANG Changgeng, TIAN Yakun, LI Yongjian, et al.
Modeling and validation of stray - field loss in laminated
magnetic shield of transformer under harmonics and DC
bias[J]. Transactions of China Electrotechnical Society,
2022,37(15):3733-3742.

(211 EF 5, dadil 2, 5 M I Gl -5 C H 190 i) BRIk s

5 L U O 410 1 SR g WE (). P 55 400, 2022, 59
(1):127-133.
WANG Ziang, MENG Runquan, HAN Xiaoqing.Research
on DC bias suppression strategy of series compensation
transformerbetween micro-grid and distribution network][J].
Electrical Measurement & Instrumentation, 2022, 59(1):
127-133.

[22] %= B XUMEHE, ¥ 3, 4R BB S R OB A A A
BT 53], T AR H 77,2019, 32(8): 133-140.
LI Lei, LIU Nankang, ZENG Wen, et al.Distribution of rail
transit stray current under complex geological conditions[J].
Guangdong Electric Power,2019,32(8): 133-140.

(23] B/NE G, E NI A5 SRR SR80 B o i 8

¥ B HAR = ARAE T il X L 0 i 2 A v B R FH 1.
FE HL L T FE9R ,2019,39(4) : 1206-1214.
ZHAO Xiaojun, JIN Zhiming, WANG Gang, et al. Analysis
of three-phase transformer under asymmetrical DC bias by
using frequency - domain decomposition based on complex
exponential[J]. Proceedings of the CSEE,2019,39(4): 1206-
1214.

[24] PEUR VK, ZHEE. ST PUE 2038 24 BB AT ST D). i -
PRSI K5, 2008.

PANG Yuanbing, LI Qunzhan. Study on stray current of ur-
ban rail transit [D]. Chengdu: Southwest Jiaotong Universi-
ty,2008.

[25] ZIRKA S E,MOROZ Y I, HAIDALEN H K, et al. Practical
experience in using a topological model of a core-type three-
phase transformer: No-load and inrush conditions[J]. IEEE
Transactions on Power Delivery,2017,32(4):2081-2090.

[26] BOTELER D H, BRADLEY E.On the interaction of power
transformers and geomagnetically induced currents|J].
IEEE Transactions on Power Delivery, 2016, 31(5): 2188 -
2195.

[27] VAR, 52 I, BTEE, AF. B O 0T A T A S i
FEEER[T]. B RS, 2018, 54(7):20-36.

SHI Minxia, WU Bang, JIN Yuhui, et al.Review on the
influence of DC bias on transformer{J]. High Voltage
Apparatus,2018,54(7): 20-36.

% #%(1987—), % ML A, HR IR, £ L5
KHw A — R&EE BN FAAEL KB R E-mail:
9602236@qq.com),

Fuede(1974—), %, THF W, 818, AL A SR, £
R RO PR AR & S ke D T o U e R
5 5 (3845 4 #)(E-mail : lixiaohua96@126.com)..





