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Fig.1 Main circuit diagram of AC/DC / AC traction

drive system
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train-traction network
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Fig.6 Influence of disturbance signal on voltage

amplitudes at DC and AC sides
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Evaluation of equipment malfunction probability considering load randomness
WU Guopei', XU Zhong',HE Qizhang’, CHEN Weikun’,ZHONG Qing’
(1. Guangzhou Power Supply Bureau Co.,Ltd.,Guangzhou 510600, China;
2. School of Electric Power,South China University of Technology,Guangzhou 510641, China)

Abstract: Taking the uncertainty of equipment malfunction under voltage sag into account, an evaluation
method of equipment malfunction probability under different voltage sags is proposed with the consideration
of load randomness. VTC (Voltage Tolerance Curve) is used to analyze the uncertainty of equipment mal-
function under different voltage sags,the two-dimensional space represented by residual voltage and duration
is divided to different zones,and the uncertainty characteristics of equipment malfunction in different zones
are obtained. An evaluation model of equipment malfunction probability is built according to the factors in-
fluencing equipment malfunction and the probability density function of equipment load ratio in different
zones, and the application flowchart of probability evaluation method is given. The variable frequency speed
control system commonly used in industry is taken as the evaluation object to verify the proposed method.
The proposed method effectively considers voltage sag tolerance ability under load randomness and different
load ratios,and can reflect the uncertainty of equipment malfunction under voltage sag more accurately.

Key words:power quality;voltage sag;malfunction probability;voltage tolerance curve
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Impedance measurement method and stability analysis of

high-speed train-traction network
LIU Fangping',GE Xinglai',YU Siru',JIANG Keteng’
(1. Key Laboratory of Magnetic Suspension Technology and Maglev Vehicle,Ministry of Education,
Southwest Jiaotong University, Chengdu 611756, China;

2. Sichuan Energy Internet Research Institute, Tsinghua University,Chengdu 610213, China)
Abstract : During the operation of high-speed trains, low-frequency oscillations are likely to occur, which
affects the stable operation of the high-speed-train traction drive system. Taking the high-speed train single-
phase traction rectifier as the research object and the stability analysis of the train-network system as the
research goal, based on the impedance definition model, a method for measuring the input admittance of
the traction drive system and the output impedance of the network side is proposed. Through detection of
the rectifier operation condition, the threshold value is determined, and then the magnitude of the real-time
disturbance harmonic is adjusted. The disturbance injection device corresponding to the measurement method
is designed to achieve the adjustment of the disturbance harmonic amplitude by adjusting the programmable
resistance. The impedance of the train-network system is measured in the dgq rotating coordinate system,the
stability analysis is performed based on the measurement results, and the simulative verification is perfor-
med through MATLAB / Simulink, and the hardware-in-the-loop test verification is performed. The simulative
and test results show that the time-domain operating conditions of the train-network system are consistent
with the results of the stability analysis,and the effectiveness of the designed measurement method is verified.
Key words: train-network system;stability analysis;impedance measurement;stability threshold determination;

harmonic parameter self-adjustment
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Fig.A1 Schematic diagram of two sets of linearly

uncorrelated disturbance signals
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Fig.A2 Comparison of DC voltages affected by disturb-
ance signal with different frequencies and same amplitude
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Fig.A3 Schematic diagram of working process of

impedance measurement module
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Fig.A4 Amplitude-frequency characteristic of sub-criteria

after 6 trains merged into network
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Fig.A8 Experimental platform of hardware-in-loop
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