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Substantial research has been conducted to improve the reliability of power electronic converters due to their critical role
in modern power systems. Traditionally, these efforts have focused on component-level analysis, with extensive research
exploring failure mechanisms, and developing physics-of-failure (PoF) models for semiconductor devices and capacitors.
However, despite the application of conservative safety margins and the improvement of component level reliability, in
real applications failures are often observed before the expected lifetimes. This discrepancy arises because components
are not subjected to predefined, constant stress levels as assumed in conventional PoF models; rather, they experience
variable stress magnitudes induced by dynamic events during operation, which determine changes in degradation and
failure rates. This paper presents a failure process prediction model for power electronic converters that accounts for
these system-level interactions. Through case study analysis, we demonstrate how the interaction between components
degradation, stressors changes and circuit behavior alters the reliability expectation of converters. The results reveal that
component failures exhibit interdependent relationships, where the degradation or failure of one component directly
affects the lifetime of others within the system.
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