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Fig.1 Traction power supply system
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Fig.2 Diagram of current loop control for converter
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Fig4 Time-varying diagram of train and network

7 A Dl A AL AL AR AL 2.1 BT A A
ol kG MIER . A8 T A ] AETE T I TH 2 BT
VH R B oI R B9 00 B RS 3l i TR i i i
— AR LB, AR SOHR A S I R Bl A 2 H Y
Br T, 25 R 8 L 45 1Y PWM 3 375 78 T O T 2R AT )
g, 5425 | A TAR T (6 R P i

5 (AERIESHR

FH AT SCRT IR 1 42 5 | W 53 A S H i HL 4%
AR R0 5 ) S W, T MATLAB / Simulink f/5 B
FEEET RGO R BARS BN 5% C
Cl AR,

5.1  FhREGIR R IS IE S AT

PRI A 5 | R R A AR TG R R RS, AR 3
AR AT A K A TR S A R AS S s M)
BELBT— AR 4k il 2, mT W R BE7E 2 280 Hz(45.6 1K)
BRFIE A — JF B IR A5, IR R A 5 AR SO B B b
T I A R LB B I o i A, AR R R 9
JihZ& A

5 Ry 2384 51 AL R 2 25 3R 43 A 7= A () il e
T BATE R T e 25— R (A 532 A,
B 4 1 T 2 U U A 23 51 Dk 289 A T 242 AL HL
A R T I R A FE R B AR S AR
TR AR A T B AR Ay i, FLrf 43 (45 — 48 IR
W WA 435 0.87.1.92.1.5.1.53 . 1.2 A,

300
Ny < 600 2.50
B

g 200 300 1.25
& ¥
i = 0 0
%2 100 125 150 175 39 45 51 57
E 100 t/ ms
=
=B

0 a

B5  BhRELE IR R S E

Fig.5 Waveform and spectrum of inrush current

BEs A P A6 (a) 40 T 4R a5 8 A — IR
N R AE A TR A AT TG TR AL IS R BT L o AT LR,
TCIRVRIS , W AR E /)N, TE 52 B e 5 7 A= T T, 4
W A8 T e KB HEE 50 KV, R B A R A Bk
BiFs% A AT A6 () 4 342 5| A2 e i — U L T O
o Al UL, G L I R T S AR AR N (E A AT T
DRI R s M 72 1 R (] R A P v e HE ] R T —
YR Bk 1 1.2 95 20(6) M (7) A B HE &
52 EF 5| WA E X B R 32 A B U &2 56 HE
S

Bk 5% A R T AT S A S DR AT S R A2 5 I E
FEAE RS e T UL, JCIR i, e A 32



@ L/ AR {7 G-

%4045

A 5725 I 2% I R A A3 32 .64 YR BRI (R 1 i T %
LU, 45 TG VG 9 BT 178 480 33 (L R 10 A% ) 5 i A
A, DAYRR 90 7 A BRI 0 O B Ao A v T ) i
FB oA AEAE 5| A it BRI, EL IR 1 (L B
KT ICI L A

B S5 A H L A A ML A TG T I RN A T I A 1
PR B RS A A L R U, (¢) BOARIE R . AT,
B VR R B 1 SRy o PR € R B ) B SRR A £ )
32,6496 K B 3T B R AE YOS 5 AL 4 7 AR TR
J&  AERRAE OO FE R b R R0 AR 40 — 47 IR5E
R AE YT AL R L T T3 S A UK 55 A Y
BB AR WA, DR AR I 2.2 715 1 2, i e T
WA G 0 AR B AR | BIL 42 AR A 7 AR
BRI FEAE T, AR S 28 S8 S o FE U, (¢) B 22
S 53 1) A% 5 | PRSI A ST
5.3 HlETHREIHHBRIENTHIEIESH

B A TR A9 Y R e e e AR — Bk
o AIWL, TG A R & LT E o, HL4 g
it B B A XA R N H R AT I U B R U A9 THD
5.7%, KT I 893.93%, s AT EAL0 N
FEL I AR 3 A T AT L 7R R AR AR 5 | AR TR e A T
AT 7= AR I, BIL A R IR Y A 43 A A AR AR A
% (32,64 .96 KB ) , HA AERFAE RATIEAR /N, &
AE A AT 51 W HL R TSR, G BfF S A H IR A6 TR 5 1T
FEA IR IR A R R RIS DL, 2251
DR R e A AR A L2 R 3 A AR R R 3 A 1Y
Fehith b 76522 5] PR 5 A 1 45 YR AR FRAE O
TR A B R TE R A R o i, A
5158 AR 42 5| X B R RR L2 AR | Xt — A
PLAHL A 45 AR RRIE YRS B I 75 LA 4R, an it
TRER . XIAE T 4.1 R ERIE0HT .

6 it

AR SO O HL SR B R BE 25 BB L 4 4 A
51728 S 5 A 2 A3 T B 7 A Dl 9 W, 7 2 ) 42
PIZECT 51 R RIS IRILAR 53] 7R A4siE.

(1) DR SSSHHE S 1 il 3 300 1407 A AL L, il 9
UL F U A o R Ul P B 2 e A, T DR
A TAIA p [l S BEATL R E |, BT i ) — 0]

(2) BRI 238 1 Bl 9 0 72 e e — e
FL R B B2 )« Al 3 O 2 0 R R B A T e —
UM s A A Bk, 7 R IR

(3) AR A 1 il 38 O B0 0 o3 A 2Rk 5
T A AR AR U I (B 0 1 L2 UK
W) FF 5 B R UGR I

(4) FETHLA= B 2 i i il SR, 15940 1 42 K0
A A FH A A AR R 2 3 3 ML 2 T e 7 W A2 [0
FEAERITR i 0 i U ) 2 S A 2 & 5 A

T IR A B IR AT — B AR RRIE UG B o B TR
ARV I L i AT 5 2 5 | RS & A T R A 15 20
T ARRHE RIS AT LAAERE 2 ) 3R G 11 R

P S LA F) M 252 (http : / www.epae.cn)

SE k-
(1] #®E®. 5MBELIEES R D]. . s
W AR2E,2013.

HUANG Changping. Effect of contact loss between the pan-
togragh and catenary on the high-speed train[D]. Chengdu:
Southwest Jiaotong University,2013.

WM IR PR, 45 . HILAR AR 5 |28 T e s 485 I il 1 0 9
FEPESAT LI ], IR SR A 41, 2013,28(4) : 19-23,30.
ZENG Yaowu, LI Xiaosong, CHEN Meng, et al. Residual flux

measuring method on the core of ferromagnetic components

[2

[—

based on alternating polarity DC voltage source[J]. Journal of
Electric Power Science and Technology,2013,28(4):19-23,30.

[3 ] D2, %77, L0, 4. WL I BT o 0 20 B X 23 52
WAL ). AR, 201001) < 1-4.

MA Guo, WU Guangning, WANG Tao, et al. Inrush current
simulation of electric locomotive and its influence on public
network[ J]. Electric Railway,2010(1):1-4.

[ 4 ] BOTHr ZE, Rk, A5 i oL A48 e Rl g i o S H2
WAL ] ARG K A i, 2018,30(3) :25-34.
ZHAO Yuanzhe, LI Qunzhan,ZHOU Fulin, et al. Analysis on
inrush current of electric locomotive transformer and its ef-
fects[J]. Proceedings of the CSU-EPSA,2018,30(3):25-34.

[5] EF. ZEGROMRAES REE RS I Az
L4 ,2012,32(11) : 83-86.

WANG Xue. Synthetic transformer inrush identification based
on characteristic space[J]. Electric Power Automation Equip-
ment,2012,32(11):83-86.

[ 6] SN, VLM, Bal, 45 . BT PWM B FRAE 04 Jil e 1 T 01
Jrikl)]. s A ki, 2018,38(9) :135-140.

HU Song,JIANG Yaqun, HUANG Chun,et al. Identification of
inrush current based on characteristics of PWM waveform[]].
Electric Power Automation Equipment,2018,38(9):135-140.

[7 ] A5 B W] Be o . =AMV / V&2 51 A8 He a8 Tl RE T It ) 1R

BILI]. BRIE4,2011,33(6) :35-40.

FENG Cunliang, GE Baoming, BI Daqiang. Identification of

magnetizing inrush for three-phase V /V traction transformer

[J]. Journal of the China Railway Society,2011,33(6):35-40.

B, N, 2R A ST R LR T G RY AR 5 | I i R T

VAN L] S (E R, 2019(2) :20-25.

HUANG Zhixiong, YANG Gang, LI Zhiyong, et al. Reduction

of magnetizing inrush current in traction electric network

—
<]
[—

based on virtual centrifugal switch [J]. Control and Informa-
tion Technology,2019(2) :20-25.

[ 9] Bocdy. mbekis 4 MG RO il Ll R 5RO &
WFFEID]. WS - P RE 2838 K%, 2016.
ZHAO Yuanzhe. Research on abnormal electrical process
and control shceme of train traction network coupling of elec-
trified railway[D]. Chengdu:Southwest Jiaotong University,2016.

[10] #him & Rt FR R, 4 . AT o o O TR A% 7
A i AL ). F g A B BER 2015, 35(2) - 154-159.
SUN Xiangfei,SHU Hongchun,ZHOU Jianping,et al. Compari-
son of sympathetic inrush transfer characteristics between
electromagnetic and electronic current transformers[J|. Elec-
tric Power Automation Equipment,2015,35(2) :154-159.

CL1] BT 2R, IR, 45 . F T BIL A He i RN I 37 7 A L
WSEREE] BRG], 2017,45(12) :44-52.



%18 ABIETR, A5 - ZE RIS A H R DAl i U o L2 2 Ve HL A 14 52 &

ZHAO Yuanzhe, LI Qunzhan, ZHOU Fulin, et al. Mechanism
and influencing factors of electric locomotive sympathetic in-
rush[J]. Power System Protection and Control,2017,45(12) :
44-52.

[12] TURNER R A,SMITH K S. Resonance excited by trans-
former inrush current in inter-connected offshore power system
[C]//2008 IEEE Industry Applications Society Annual Mee-
ting. Edmonton, AB,Canada:IEEE,2008:1-7.

[13] CHUN L, WANG P, CHI H, et al. Analysis  of harmonic
overvoltages during transformer energization for mass rapid
transit systems[C] //2016 10th International Conference on
Compatibility, Power Electronics and Power Engineering (CPE-

ZHOU Niancheng, LI Chunyan, WANG Qianggang. An algo-
rithm to identify transformer inrush currents based on multi-
variate multiscale sample entropy[J]. Transactions of China
Electrotechnical Society,2018, 33(15):17-27.

(18] MRz . WA 5] e ifl s AR R gt (M. Jbat: w52
# ik, 2009:98-109.

[19] fif 2 i, ZEREEE B F . L AR IE 22 5 | 57 B0 e 20 A R A
SRR ]. M E LT A4, 2005,25(16) : 79-83.
XIE Shaofeng, LI Qunzhan,ZHAO Liping. Study on harmonic
distribution characteristic and probability model of the trac-
tion load of electrified railway[ﬂ. Proceedings of the CSEE,
2005,25(16) :79-83.

POWERENG). Bydgoszcz, Poland: IEEE press,2016:33-38.
[14] BeTAE, THAS, L, % . FE T80 B ST A Bl RETT R 5 | &8

Uk H e WA A KU U (0] B ) A Ak iR £, 2014, 34(8)

155-161.

TENG Yufei, DING Lijie, TANG Fan,et al. Risk identification

based on harmonic mutual impedance for harmonic voltage

AT (1992—), 5, ERA,HEHR
A, EEMAT AR EFTAER R HEAR
5T Fe bk BEHAST T (E-mail: xjfswitu@
my.swjtu.edu.cn) ;

FlAR(1982—), F , vl )~ & A, it
IR, B, ERAT R W B
B oA L A H] Sl 2GR F W B A AR ST
(E-mail: fulin-zhou@swijtu.edu.cn) ;

HREZ(1993—), F , @l @ AA, ML LA, T2
R 77 @ K &34k d £ %8 48 R 2 (E-mail: zhiyuanchen@my.
swjtu.edu.cn)

FAM(1957T—), B, ML ERA 2R, LA LF
IF, 2R R T A EIMEE R AR AR AL,
(1R £

distortion caused by excitation inrush current[J]. Electric Po-
wer Automation Equipment,2014,34(8):155-161.

(5] ZRHS. Ao ARk 4 Rl SR A RPPE DR FE (D ] R - PH R 28
R, 2017,
ZHU Peng. Study on electrical coupling characteristics of

e

train traction network of electrified rainway[D]. Chengdu:
Southwest Jiaotong University,2017.

SRAEAE, RS XA AE L AR | I TEAI i 5 4R A i 4
ARBLABEGELI]. AR BORR 2014, 44(11) : 1185-1196.
ZHANG Dinghua, ZHANG Zhixue, LIU Huadong, et al. Appli-

cation research on wide frequency domain liarmonics and re-

(16

[l

sonance suppression on traction network[J]. Science China
Technological Sciences,2014,44(11):1185-1196.

[17] Ak, A4, Eu i . Ak T 270 1 22 RUBE IR 14722 1 2 il
MUk TR, 2018,33(15) :17-27.

Effect of inrush current on locomotive converter output current spectrum under
coupling of train and network
XIONG Jinfei,ZHOU Fulin,CHEN Zhiyuan, LI Qunzhan
(School of Electrical Engineering,Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Inrush current will be generated under the condition of the power restoration of the on-board
traction transformer when train passes through neutral section and pantograph separates from catenary. Howe-
ver, the research on operation characteristics of the locomotive converter under the influence of inrush cur-
rent is not enough. Firstly, the generation mechanism of the inrush current is analyzed in time-domain,
which shows that inrush current may cause the primary and secondary voltage drop and degrade the power
quality at the input side of the locomotive converter. The inrush current spectrum expression is deduced
in frequency-domain, which indicates that inrush current contains large low-order harmonics and rich high-
order harmonics. Secondly, the resonance mechanism of the traction network caused by the coupling of in-
rush current and traction network impedance is analyzed. Furthermore, combined with the transient current
control strategy of the locomotive,the mathematical expression consisting of inrush current, traction network
and locomotive control strategy is obtained. Theoretical analysis shows that under the action of distorted
traction network voltage energized by the inrush current injected to the traction network,the output current
spectrum of the locomotive converter contains the non-characteristic spectrum that is consistent with the reso-
nant frequency of the traction network, and the non-characteristic spectrum component can maintain the
resonance of the traction network. Finally,the simulation model is established based on MATLAB / Simulink,
and the correctness of theoretical analysis is verified.

Key words: non-characteristic spectrum; inrush current; coupling of train and network; neutral section; reso-

nance;transient current control strategy
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Fig.A1 Equivalent circuit of locomotive transformer when no-load closing
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Fig.A2 Magnetizing inductance of transformer
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Fig.A3 Train-net harmonic model with distributed parameters
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Fig.A5 Impedance-frequency curve of traction network
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Fig.A6 Comparison of primary and secondary side voltage waveforms of locomotive

traction transformer between with and without inrush current
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Fig.A7 Comparison of voltage spectrums of traction network between

with and without inrush current
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Fig. A10 Comparison of locomotive current spectrums between

with and without inrush current
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Table C1 Parameters of simulation system

3 Hfl 3 Hufl

A2 | A kA7 S/ (MVA) 315 HL Y ER Ky 0.8
LK I/km 10 SKFEITA] Tilns 0.05
WA f/Hz 800 L RU/Q 500

2 UK LymH 5 TIE K Lo/mH 0.84
Mt 3 5 Kowm 100 TIKUEN HIZY Co/uF - 3000
LN SEIN 10 B RA CouF - 8000
HLEAMT Kip 3 HILHE UgV 1 800
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