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Fig.1 Topology of metro traction rectifier
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Fig.2 Phase relation of input current of
each rectifier bridge
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Fig.3 Output voltage waveforms of rectifier
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Fig.4 Input current waveforms of each rectifier bridge
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Table 1 Relationship between phase-a input current

waveform and conducting diode
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Fig.5 Phase-a input current waveforms of
each rectifier bridge under normal operation
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Fig.6 Phase-a input current waveforms of each rectifier

bridge under open circuit fault of diode
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Fig.7 Simulative result of fault diagnosis
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Fig.8 Experimental results of fault diagnosis
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Fault diagnosis method of diode open circuit in metro traction rectifier

based on waveform characteristics
HUANG Yujianl,LIN Shengl,WU Jianzhou',HUANG Di',HE Jianghaiz,DUAN Zhentao®
(1. School of Electrical Engineering,Southwest Jiaotong University, Chengdu 610031, China;
2. Guangzhou Metro Group Co., Ltd., Guangzhou 510220, China)

Abstract: Aiming at the problems of high failure rate of diodes and difficult diagnosis in metro traction rec-
tifier,an open circuit fault diagnosis method based on the waveform characteristics of input current and out-
put voltage is proposed. The variation law of output voltage and input current waveforms of rectifier before
and after diode open circuit fault is analyzed based on the circuit topology of metro traction rectifier. On
this basis, the rectifier diode open circuit fault is detected and the suspected fault time is determined by
using the output voltage waveform features,and then the rectifier bridge in which the fault diode is located
is determined and the specific fault position is identified only by using one phase input current of each
rectifier bridge. The simulative results based on MATLAB / Simulink platform show that the fault diagnosis
method of metro traction rectifier is not affected by fault location, fault time, system running load, and has
good reliability and adaptability.

Key words:waveform characteristics ;metro traction rectifier;diode open circuit fault;fault diagnosis
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Fig.A1 Flowchart of fault diagnosis
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Table A1 Fault diagnosis results under different fault locations

[ S1 Sz S3 S4 p1 p2 p3 pa ps Pe IZLEES
V12 187.34 2.15 166.54 201.72 0.9112 0.6599 -0.6268  -0.9112  -0.6599 0.6268 V12
V22 143.22 2.92 103.27 106.54 0.5633 0.8904 0.0916 -0.5632  -0.8904  -0.0915 V22
V32 225.50 3.48 133.95 103.46 -0.7085  -0.0659 0.9315 0.7086 0.0658 -0.9316 V32
Va2 189.08 1.53 168.01 199.66 -0.9321  -0.6688 0.6474 0.9321 0.6688 -0.6474 Va2
Vps2 140.81 2.47 100.76 106.50 -0.5749  -0.8980 -0.0829 0.5748 0.8981 0.0829 Vps2
Vps2 219.27 3.14 129.47 99.96 0.7103 0.0623 -0.9377  -0.7104  -0.0622 0.9377 Vps2
Vpia 105.70  169.03 189.52 2.07 0.9221 0.6646 -0.6375 -0.9221  -0.6646 0.6375 Vb4
V24 102.92 98.45 137.13 3.45 0.5464 0.8671 0.0923 -0.5463  -0.8672  -0.0923 V24
A\ 201.88 136.44  228.34 3.49 -0.7078  -0.0588 0.9376 0.7079 0.0587 -0.9377 V34
Vpas 105.12  166.91 187.92 2.78 -0.9161  -0.6623 0.6313 0.9161 0.6623 -0.6313 Vpasg
Vos4 101.54 96.51 135.16 2.34 -0.5712 -0.8911 0.0813 0.5711 0.8912 0.0813 Vps4
Ve 193.98 130.21  219.18 431 0.7090 0.0623 -0.9358  -0.7091  -0.0622 0.9358 Ve

FA2 FEGHEETHRESHER
Table A2 Fault diagnosis results under different load conditions

[ - 2
- HBIKW S Sz Ss Sy pL P2 p3 P4 ps P s
2200 1.95 230.33 203.37 137.50 0.8836 0.6526 -0.5950 -0.8835 -0.6526 0.5950 \
Vo1a 3300 1.96 240.53 207.16 146.75 0.8671 0.6599 -0.5646 -0.8670 -0.6599 0.5646 \on
6600 1.06 254.34 208.74 164.58 0.8311 0.6845 -0.4895 -0.8310 -0.6844 0.4896 o
2200 3.00 137.45 103.36 98.70 -0.6827 -0.0775 0.8837 0.6828 0.0774 -0.8837 Vbas
\en 3300 3.99 138.64 106.71 98.84 -0.7055 -0.1106 0.8829 0.7055 0.1105 -0.8829 Va4
6600 4.05 158.90 136.61 116.05 -0.7713 -0.2806 0.8065 0.7712 0.2805 -0.8065 Va4
2200 2.63 189.27 105.34 168.43 -0.5312 -0.8392 -0.0859 0.5311 0.8392 0.0859 Vbs4
Vosa 3300 4.34 192.76 108.00 166.75 -0.4428 -0.7779 -0.1495 0.4427 0.7779 0.1494 Vos4
6600 2.79 185.34 105.11 163.41 -0.6554 -0.9663 -0.0375 0.6552 0.9663 0.0375 Vpsa

R A3 FRENZIAEMERISHER

Table A3 Fault diagnosis results under different fault times
WbE o BERLME WK

mZlims B B/ms /ms

&
=
o
¥

S1 S2 Ss  S2 0m p2 p3 pa ps 6

435 [435, 50.1] 6.6 107.41 171.23 192.82 1.43 0.9269 0.6663 -0.6425 -0.9269 -0.6663 0.6425  Vpus
445 [449, 50.2] 53 7410 106.11 137.75 1.25 0.9119 0.6583 -0.6293 -0.9119 -0.6583 0.6293  Vpus
455 [45.8, 50.1] 43 39.69 91.64 101.12 0.97 0.9085 0.6309 -0.6517 -0.9085 -0.6309 0.6517  Vpus
465 [46.6, 50.1] 35 9.02 75.01 62.34 0.78 0.9042 0.6253 -0.6513 -0.9042 -0.6253 0.6513  Vpu
475 [63.5, 70.1] 6.6 106.59 169.91 188.09 3.28 0.9277 0.6670 -0.6430 -0.9277 -0.6670 0.6430  Vpus
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Fig.A2 Test platform of 12-pulse traction power supply rectifier
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Fig.A3 Experimental waveforms of diode open-circuit fault
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