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Research of inrush current elimination system of the electric locomotive
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(1. Hubei Key Laboratory of Cascaded Hydropower Stations Operation & Control, China Three Gorges University,
Yichang 443002, China; 2. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: For electric locomotive passing neutral section system, the magnetizing inrush current has adverse effect both on
the electric locomotive itself and the power quality of traction power system. A new principle of electric locomotive inrush
current elimination system based on high power electronic technology is proposed, meanwhile two kinds of PWM
modulation voltage algorithms, namely cophase amplitude modulation and frequency conversion phase shift, are presented.
By controlling the new high power electronic circuit rectifier, inverter, frequency conversion mode and locomotive
transformer excitation voltage at different times, it achieves electric locomotive non-inrush passing neutral section and
removes the inrush current when the transformers are switched on. Using the proposed method, the simulation model of
electric locomotive transformer for passing neutral section is established. Simulation results show that two kinds of voltage
modulation algorithms can effectively inhibit the switching inrush current generation, verifying the effectiveness of this
method.
This work is supported by National Natural Science Foundation of China (No. 51607106).

Key words: suppress inrush current; passing neutral section; modulation voltage; cophase amplitude modulation;

frequency conversion phase shift

0 3l

B2 5 RGER X L, BHL4EAEIS
AT IR R — 5 B R B0 A X AT . HLAAR
FCE AT DI 2 28 T I ) 2 7 A 5O R il
PR, RS B — (b X BRAN AL AR

HETIH: BRARHFEAELTE F8 (51607106)

A Bz |28 HE 3 AR L (R R R e Do AR e %

It RT RE S O AR L ORI IR AR, AR
JEIIYI e B R U o 0o 7 5 | I PR P B i I A

RIS, JEPE AT R, MK PR F i i i
JSE F o

FAT, B A AT g LAl 70 A X Al 7
IR AR AR LA B AH D, i
70 TR e A V2 5 | AR s g At s S WL



-102 - ® LRGP B R

AT 3 3 43P X F) 3T 2 RO, L A il i
IRV EDTIY, BRI A S W A 0
e £ ) LB B SO AR R A 4 S 01, SR [13)
A A B T A A R RS A R 2 AT AR
ST R ARMEIE KA, TNtk it . SCHR[14]
AT AT B HL AL DR AR, R LA I 55
W, R BN H . SCEROSTR A — R T
TR R BB HL B A ) R AR 2 R T R A A TR
TH BRAR s 2% T I 200 H LA v it . X4 VABE
— SRR LD RGN, ABANRESE 44 il
RGN N PG o

ASCER M WV R BR R L, %
RYLRENS 58 A BRI IN LA 70 AR AR A
T AR . 0B 1 I o A DN R D LA A T
PR TR R LB, SR TR LA
A Hs 5 TRl B R R B BT . BT R Gefe s 1 Fh
PWM i il I 550005 [RIAR R I VA AT AR SR AR,
LT WLV G T PR R, dad i
BAUE T A ST B L LA AR T 2% 5 T SRl T 7
PRI AR AT 1
1 IR tEXEREGR R ENE S

WL LA AR XN, S 22 P 1) 2R
MR W 1 PR, LB ARIX I,
LA A A= | B a WTJT, BLAAET-25
HORAS: 2 AH DI 1] Wk 285 v, HL4E 248
A AU bR, ERRHE, M4SN
H a, VIFZE uy, > 8w, VIR 0, 5 A2 R SEAR )
FARRR, WL T AR A B A R el 1,
Ho— IR G I8

@(t)=—D, cos(wt +a)+ D, cosa +P, (1)
e o WGRARGE; @ WHGEIRE; @ A
PG s o g2 T I 1) L P AT AR AR AR o

M S
l
A B AS LT
fertihta raL i
27.5kV/50 Hz L—, 27.5 kV/50 Hz
753 IR
i X
o =0
» il
B . S
O 0
I IR 2 4D IR 2

E1 BhtlEIHHEEKTEE
Fig. 1 Diagram of electric locomotive passing

neutral section system

F ML A X I, HLZE 3 i s £ Il
(), R NIFast 22 05, DURR A =01, B AN F 3
J, BRSNS B i KME 20+, R T
SO TR, PR R, LA RIS AR
PAUE B U LY, LG A
FRGRHARYIRBNE, HrT e S EUZ 0 X 425 | AR L
Fo AR He % AR K R A R
2 HPHI 5 E X G R R B T R
2.1 HHEhRE B RIS

HILEN— D XIEAN T — AN X, gt
R, ML s F s i ey, VA BN
IR AR 60°, MIAIZE0=n/3 . B IIHLAIRLETR
THER R G B 2 B W 2 P,

feriffa AKX LA

' FilE -
I <! BLZE s
QF2
(Q) PT QF3

REAEH
R
[
PUAERE | | PWMEBERIS
RS AR AT

B 2 migEmiERREE R E

Fig. 2 Diagram of inrush current elimination system
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Fig. 5 Amplitude variations of cophase amplitude

modulated method
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Fig. 6 Voltage phase variations of frequency

conversion phase shift method
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Fig. 7 Magnetizing voltage waveform of traction transformer

without inrush current suppression
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