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Modal analysis and countermeasures on voltage low frequency oscillation
of high-speed railway traction network and EMU coupling system

FU Li, ZHANG Guinan, GAO Shibin
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: With voltage low frequency oscillation of high-speed railway traction network and EMU coupling system,
many EMU of different places appear traction blockade. Mechanism of this phenomenon is currently in its early stages.
Firstly, the transient energy balance equation of traction network and EMU coupled system are derived. Secondly, the
open-loop stability of the traction network and EMU system is determined and the factors of voltage oscillations are
analyzed with the small gain theorem. Thirdly, the all-parallel autotransformer traction supply model is precisely built by
using the 10-conductor chain circuit and the CRH3 EMU electrical model is established based on the transient current
control. On this basis, the interconnected system of the traction network and EMU is implemented, and voltage oscillation
phenomenon is reproduced. In addition, the frequency of the oscillating voltage is accurately extracted by using FFT
method, wavelet algorithm and Prony method.

Key words: transient energy balance; small gain theorem; all-parallel autotransformer traction supply; CRH3 EMU;
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T TMT6

NHEHRT:  1674-3415(2016)01-0024-09

Vol.44 No.1
Jan. 1, 2016

B I TCA RIS 2011 4 5 HE] 2012

0 33

AR, 3R gk s 1 Gl R R A 1 ik 8
ERR YR I E AR R, 2 2014
£ 7 HIEE 1330 S EABNIELT. R, BiE
BRI R B AT, MRS BT — LS 1 )
i: 2009 4 12 H Lk BilERTEIBh 4T CRH1 A 3)
A BT AR s B 2010 4E 9 HAbA.
TERH S A B 42 BT U CRHS Y5 4= 4] 725 |

HETH: S4B LAMARIRSALE LR (HrkH%
W, %3] A5 AT S 45 4]) (U1134205)

T 3 A AR N DX A0 A AR R, ) 22 G R
WLAS E TR B84 T .

[E] Py oh 2 2 56 DA AR ST, R
Rz | L R IR ARG IS . XIS AN T
B RGIRSR G, HRAER OB 2
ERat: | i1 e R 0 NS e ] e 7
IRz Ig, EHNAMYITRE T —@ EretsT, 3
BR[3VIF R Z 5 Red50 RUHLE S R AMEAHRZIN S 5
SCHR[4738 3 P AR A R IERE PL #4013 4K,
SR T AR AR R IR e s SCHER[S-6]8E H —
Fhas i A i L e vk — o 2 A m sl vk, B



1 ), %5

Fe RIS A PR 5 AR G I s iR A 2 0 M L 6 B - 25 -

P T ARG A ARARAS s Pk o ARIMARAIR 2 15 A 7
LRGN —F R &AT A, o Hr S A
PR HAET, AR I A2 50 7
1A SIS P B AR H(Fast Fourier Transform,
FFT). Prony £5. MUSIC 7. /NeBikss, ffa
A R R kA | AR AR 5 I % AR 26 i
XF A -AG N7 FES RGNS R )0
P it L BB T S BTG, 0 RS v ki A
S RSE ) e E AT B s BB Sk T
Ey =

AR E A IR AT A7 U 251 W
FEABA . CRH3 BB 420 425 |46 3) R 40 f B
M, IS RGN HIE, R L AT
i H&Ja, KM 4 PEESHHRTE: FFT,
MUSIC ¥ /NS K Prony 72555 $ BUR 37 HL R
A, 0 Lear i IR LR A7 AE 5 Hzy 7.5 Hz
ATy o AR ST 53 by v T A2k i 2 I I e
SRR aiRAE T, B TESHZ
ZANH

1 SEREENBS RREREESN

H iy sk i 2471 CRH1. CRH3. CRHS5
W40 v R H P ALK 3 2% . % T 8 gl
BN EH, 152, T HEEA G458k, LR
ARG Gedl, ANENZRER SR, &
TSRS IS 2 KA FAE R — I T 2 5258
MLEFRINGEAT ISR, Bl sh A 225144 5))
RGMWASES . A2 [ AL/ BT AL AR BE s [R]B
BaEg | W Rt A S BT ALl AR R 28 28 4
i Nk B BT 2 ) R A 43 R 28 R,
wE 1 R,

i Z, Z fiad
—» 1+

Ul CdI udc %L 2

&2
<«
)

1 SRENBESRKRRFHRIKE
Fig. 1 Equivalent circuit of high-speed railway traction

network and EMU coupling system
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Table 1 Component parameters of traction network

and EMU system
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traction network and EMU system
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Fig. 5 Section divided of all-parallel autotransformer traction
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Fig. 7 Overall chain circuit model of traction network
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