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Method for remaining useful life prediction for IGBTs under variable
stress conditions based on similarity of degradation
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Abstract; To achieve real-time up-datable lifetime prediction of specific insulated gate bipolar transistor
(IGBT) individuals under dynamically changing working conditions, a remaining useful life prediction
method under variable stress conditions combining analytical lifetime model and data-driven model based
on similarity was proposed. Firstly, a one-dimensional analytical lifetime model of the device was estab-
lished through constant stress power cycling tests, and damage equivalence under different stress condi-
tions was realized based on the analytical lifetime model. Subsequently, the remaining useful life predic-
tion of specific individual degradation trajectories was achieved based on degradation similarity, and the
parameters of the degradation similarity model were optimized using the grey wolf optimization (GWO) al-
gorithm. Finally, effectiveness of the proposed method was verified through a set of variable stress accel-
erated tests. The results show that the method can achieve lifetime prediction based on the degradation
state of individual devices under variable stress conditions and significantly improves the prediction accu-
racy compared with the existing analytical lifetime model methods.
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Table 1 Power cycling test conditions
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3 130 60 100 400 1.0
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Fig.2 IGBT structure function during power cycling
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