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Equipment Optimization Scheme for High
Failure Rate Auxiliary Converter of Metro
Train in High Temperature and High Humidity
Environment

HUANG Huijian, FAN Yijun, SU Hanchong,
HUANG Xing, PU Anhui, HE Hongli

( Operation Branch of Ningbo Rail Transit Group Co. , Ltd. ,
315101, Ningbo, China)

Abstract [ Objective] Over high humidity in the operating
environment of metro train auxiliary power supply system will
lead to high leakage current of IGBT ( insulated gate bipolar
transistor) , which may further cause the auxiliary converter
failure. Therefore, it is necessary to optimize the internal envi-
ronment of the auxiliary converter box based on the high tem-
perature and high humidity environment to reduce the failure
rate of IGBT. [ Method] Based on a case study of the train

auxiliary converter failure on Ningbo Metro Line 4, causes of

IGBT failure are investigated, and four equipment optimization
schemes are proposed, including reducing the speed regulation
voltage of the auxiliary converter cooling fan, adjusting the di-
rection of internal circulation fan to reduce the humidity around
IGBT, improving the sealing between cabinet and the external
part, and optimizing the cooling fan control logic. Simulation
and on-site tests verify that the four optimization schemes are
effective and operable. [ Result & Conclusion] IGBT failure
causes are as follows: on Ningbo Metro Line 4, the low on-site
operation load of the train auxiliary converter, the low operat-
ing temperature of the components, the undischarged moisture
inside the IGBT, while the fast air exchange rate in the auxilia-
ry converter box results in rapid increase of humidity in the
cabinet, further leading to the over high leakage current of IG-
BT module. The four optimization schemes can reduce the rel-
ative humidity in the auxiliary converter cabinet and improve
the reliability of the IGBT operation.

Key words metro train; IGBT; auxiliary converter; leakage

current; air exchange rate
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Fig.1 Topology of the auxiliary converter of metro train
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Fig.2 Schematic diagram of DC/AC inverter module structure
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Tab.1 IGBT resistance test results of the fault module

IGBT %4 & R,/kQ R../kQ
Vi o 140
V2 0.64 154
V3 o 58
V4 o 136
V5 o 57
V6 ES 157
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Tab.2 Test result of IGBT leakage current under

normal working condition in Scheme 1

{75 h J5 IGBT

IGBT %i % Tees 1/ A LEE/C Tees 2/ WA
\4! 1100.0 42.7 944.0
V2 27.0 43.4 0.2
V3 14.0 48.2 0.3
V4 15.0 49.0 0.2
V5 153.0 53.3 0.2
V6 882.4 53.1 777.0
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Tab.3 Test result of IGBT leakage current under high

humidity condition in Scheme 1

2175 h J5 IGBT

IGBT %5 Lees. 1/ PA SR/ C Lees o/ WA
V1 374.0 49.2 65.0
V2 48.0 49.8 14.0
V3 172.0 53.8 0.3
V4 0.2 54.7 0.3
V5 966.0 58.2 450.0
Vo6 18.0 58.3 0.4
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Tab.4 Comparison results of the relative humidity in the

cabinet before and after implementation of

Scheme 2
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Tab.5 Comparison result of humidity difference
inside and outside the cabinet before and

after implementation of Scheme 3
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Tab.6 Comparison results of temperature rise devices in-
side the auxiliary converter before and after imple-

mentation of Scheme 4
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