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Abstract

With the increasing reliability requirements for TR components in phased array radars and high-density communication systems,
the stability of RF performance under complex environmental stresses has become a key factor limiting the long-term operation of
the system. To reveal its degradation mechanism and achieve lifetime prediction, this study establishes a multi-dimensional testing
system that includes temperature cycling, long-term on-off cycling, and high-power impact. The system characterizes the time-
varying characteristics of parameters such as gain, output power, and phase consistency under thermo-electro-mechanical coupling
stresses. By integrating failure physical analysis and accelerated test data, a nonlinear degradation model based on thermal fatigue
crack propagation and electromigration mechanisms is established. Furthermore, multi-stress coupling factors and Bayesian updating
methods are introduced to improve the accuracy of lifetime prediction. This framework provides theoretical support for the reliability
modeling, design improvement, and health management of TR components.
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