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Analysis of precharging characteristics of EMU auxiliary converter considering the
harmonic coupling of the traction network

ZHU Peng', ZHOU Fulin', LI Dandan', LIU Shuangling', JIAO Jinghai’
(1. School of Electric Engineering, Southwest Jiaotong University, Chengdu 610031, China;
2. CRRC Qingdao Sifang CO., LTD., Qingdao 266111, China)

Abstract: When the motor train auxiliary converter runs in the line with high harmonic content, the fault occurs
frequently. The test results show that there is a correlation between the high harmonic content of the traction network and
the failure of the start. In order to study the influences of the high order harmonics of traction network for the precharging
process of the EMU auxiliary converter, the harmonic model of locomotive transformer is established to analyze the
permeability characteristics of high-order harmonics for the EMU auxiliary converter system, and the harmonic model of
auxiliary converter filter circuit is established to analyze the series resonance. The mathematical model of single-phase
capacitor-filtered diode bridge rectifier circuit is presented to analyze the influences of the high order harmonics for DC
side voltage. The CRH EMU auxiliary converter with starting fault is measured, and the harmonic measured data are
analyzed. Then the computer simulation model of the EMU auxiliary converter is built by Matlab/Simulink to analyze the
influences of the high order harmonics of traction network for the precharging process of the EMU auxiliary converter.
The results illustrate that the high-order harmonic voltage in the traction network could easily penetrate into the EMU
auxiliary converter system, the high-order harmonic voltage nearby filter circuit series resonance frequency will excite
series resonance to lead to serious distortion of filter capacitor voltage, which can lead to the DC side voltage increase and
auxiliary converter precharging start fault. It is of certain reference meaning for deeply researching the characteristic of
EMU auxiliary converter and selection of filter circuit component under harmonic environment.
This work is supported by Fundamental Research Funds for the Central Universities (No. A0920502051619-34).
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Fig. 1 Schematic diagram of auxiliary converter circuit
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Fig. 2 Structure diagram of the locomotive transformer
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Fig. 3 Harmonic model of single-phase transformer
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Fig. 4 Equivalent circuit of auxiliary converter
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Fig. 5 Harmonic model of auxiliary converter filter circuit
Z(W=R, +j(hX, — X, [h) ®)
H IR I R R A

h=JXe [ X, ©)

A BRI IR Ny

1 1
=— | 7
S 2n\ L,C; )

=4 A0 L P AT R 5 g R M ) DK
IR BRI, KO B e . 1 iR
IR LA RS

. 1 . R .
U.(h)=———U,(h )=""2-U,(h 8
C( rcs) 2nf Cf 'Rl g( rcs) Rl g( rcs) ( )

A, Ry il s i A 2 B BT
h o3 BT BB B 25 AN S HON R Gek e PR,
THEL DR R % 4 0] P s 810908 U PR 2 R A 3 bR K
U.(s) 1
== ©)
U,s) s°GL +sCGR +1
ANF R Loy EPCEA Ceo HIFH Ry ZE0IMAE
1 R AR L 2l 6—K 8 I
HHE 6 mr%n, s IR, LR AR R
ARALTRAE T BEmE BE GO, DR, (H B I
P2k, 11 LA B K, 25 520 PWM
BRGNS TERE: HIE 7 wl&n, U Ay
KIF, RE FAE e AR TR BT B R 19K, DRk
RF, B2 HRBIEIRRE SN, HAAR RS
PR ZTEY); mE 8 ngn, Tz HLHRH Ry Y
T REMIE, RIMAHBH R=0 WA ek 27
FEVEYRIGAE, I NHFH Ri=Ry/3 AP sSAR i
BB =53 2 — I, PRGBS, Bl
E e =R ENERE (VA= 2 7 2 NP S N Y (1
LR .
35 N T T T 1S ER g SR b B
B D8 FL R TR R IR R A3 AT S B I, S OR
PRI o I PR IR IR L 25 1R L s S I AU F
FLU, (h) iR bR 2 BT Ry A TI7E HLHLBE R,

9% AHBL R ME Ry3 I, AR/ A5 RN
PR SR BRI LA Cp bR AR I i i s
A5 SRR m i, e fEIEBOR A Cr




® LRGP B R

Magnitude/dB

Phase/deg

10° 10° 10*
Frequency/Hz

B 6 % L,~125mH,25mH, 5 mH B 89iK4FE
Fig. 6 Bode plot when L,=1.25 mH, 2.5 mH, 5 mH

150 T

100F -

SOF e T

CLOOF i

150 EERREH
0 T — T

Magnitude/dB

QO b

Phase/deg

3§k

g0l L ) ' .
10° 10° 10*
Frequency/Hz

[E 7 & C=10 pF, 20 uF, 50 pF B a9 45E

Fig. 7 Bode plot when C=10 uF, 20 uF, 50 uF

40

20

0

Magnitude/dB

20k

-40
0

45} PR

-90 |

Phase/deg

—135F -5

10° 10* 10°
Frequency/Hz

& 8 & R,=0, Ry/3, 2Ry/3, Ry BT RUIK 45 &l
Fig. 8 Bode plot when R=0, Ry/3, 2R/3, Ry

L AR R IR SR I e B A R R R AN
PEWE LA Y SEH, WA R AR R L A
M o

DI, AEXS TS L L FELAT S R B e S 2
IR, BEES EA AR A PWM BB B AR

,180_
10' 10

2

GSTEREANRUETE,  SCEORUE S B AU s Fil 78 v
BN IE R 21T,

4 BRETEHRAERBEEFESN

4.1 BHEHAIEIHFRERERITE

VEW LA G B A AN v A R, DR
FL 2 H R AT RRA i B A AN ] 4 M X rEL I 1 B
NHURYE . HLAEE I BAH AN nT A A U L i
w9 proRll,

N A

9 BETAEMRE RS g
Fig. 9 Equivalent circuit of single-phase diode bridge rectifier
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