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Fig.1 Traction drive system of basic
power unit for EMUs
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Fig.2 Equivalent circuit of single four-quadrant
pulse rectifier
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Fig.3 Block diagrams of multivariable control and
instantaneous direct current control
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Fig.4 Structure of state observer
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Fig.5 Block diagram of setting calculation
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Fig.7 Simulation model of doubly-redundant four-quadrant pulse rectifier



R BRATC A9 4 5 i LR 7 o5 @

% 8 AR BT 2 AR i Y
= 4500 LN LT S 0 5 D P
S |
ES
EJ' 1000
>
N
»

g ~2500 A A \ A Y

0 0.1 0.2 0.3 0.4 0.5
t/s

8 MAEEZEHEREFNTHEE BRKEE
Fig.8 Waveforms of voltages and current
under instantaneous direct current control
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Table 2 Performance indexes of DC-side output
voltage of doubly-redundant rectifier
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Table 3 Parameters of transformers

IR A /(MV-A) B S BT/ %
5| 40 220/27.5 8.5
A 8.5 55/21.5 1.8
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Table 4 Main parameters of traction
network conductors

HUHB, SR

LA LT

(Q-km™)  FAE/mm
Pefsk ¢ CuMg-150 0.1191 7.2
CIES THJ-120 0.1810 7.0
WL R UIC60 0.1350 12.79
TR PW LGJ-120 0.2860 7.0
EBZF 2xLGJ-185  0.0820 9.51
FE ML G TJ-95 0.2500 124
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Table 5 Traction network impedance
of high-speed railway QO/km

T, F, PW, R
T, 0.126+j0.431  0.053+j0.188 0.053+j0.208 0.052+j0.173
F,  0.053+j0.188 0.136+j0.571 0.054+j0.205 0.052+j0.138
PW, 0.053+j0.208  0.054+j0.205 0.339+j0.593 0.052+0.158
R, 0.052+j0.173  0.052+j0.138 0.052+j0.158 0.119+;0.408
T, 0.053+j0.179 0.056+j0.145 0.056+j0.148 0.052+j0.154
F, 0.051+j0.151 0.053+j0.141 0.053+j0.133 0.051+j0.127
PW, 0.052+j0.151  0.053+j0.132 0.053+j0.130 0.051+;0.136
R, 0.052+j0.155 0.052+j0.125 0.052+j0.136 0.051+;0.183
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traction network and EMUs
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Fig.11 Waveforms of voltage and current
under instantaneous direct current control
when 6 EMUs are accessed
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Low-frequency oscillation overvoltage damping based on multivariable
control for high-speed railway
XIANG Chuan,LIU Zhigang,ZHANG Guinan,YAO Shulong
(School of Electrical Engineering,Southwest Jiaotong University , Chengdu 610031, China)

Abstract: The voltage low-frequency oscillation of high-speed railway traction network may block the traction
of EMUs (Electrical Multiple Units ) , aiming at which,a state space model of line-side pulse rectifier is
established,the multivariable control strategy of four-quadrant converter is mathematically deduced and its
parameters are designed in detail. The stability of traction network system is studied based on the derived
closed-loop state equations for the EMUs with multivariable control,which shows the system is in the asymptotic
stability state. A doubly redundant rectifier and its control model are simulated in MATLAB/Simulink and the
control effect is compared between the instantaneous direct current control and the multivariable control,which
shows the multivariable control has better dynamic and static performance. The simulated rectifier model is
applied to the simulation model chain of traction network system for two control strategies,which further verifies
the better performance of multivariable control in the overvoltage damping during the low-frequency oscillation
of traction network.

Key words: traction drive; high-speed railway; pulse rectifier; multivariable control; traction network

system; stability ; low-frequency oscillation; overvoltage; damping
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