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Influence of Tunnel Effect on Service-life of Locomotive Rectifier Module
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Abstract: Aiming at the problem of thermal fatigue failure of power electronic devices in locomotive rectifier module due to excessive
temperature stress from the continuous operation in long tunnel, it analyzed the influence of tunnel effect on the service life of locomotive
rectifier module, taking the main converter of the HXNS diesel locomotive as an example, and based on the test data as well as the Coffin-
Mason equation. Coffin-Mason equation reflects the influence of temperature difference, cycle frequency and maximum temperature on the
service life of power electronic device. The calculation result is closed to the actual condition, which can be used as references for thermal
fatigue life prediction, rectifier module design and maintenance of power electronic device.
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Fig. 1 Rectifier circuit of the HXN5 diesel locomotive
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Tab. 1 Failure condition of HXN5 rectifier module (2013)
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Fig. 2 Anatomical analysis diagram of device chip
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Fig. 3 Testing point of the module
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Fig. 4 Measured values of surface temperature of the
three-phase module
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Fig.5 Module temperature and the wind speed curves
in two consecutive tunnels
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Fig. 6 Temperature cycling test curve
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Tab. 3 Temperature cycling test data
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Fig. 7 Relationship between Nfand AT
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Tab. 4 Temperature cycle-index of the module
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Tab.5 Acceleration factors under different
temperature differences
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Tab. 6 Relationship among Ay, Nia and Ner
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