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Degradation Trajectory Prediction and Reliability Assessment of Film Capacitors
Considering Stochastic Uncertainty
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Abstract: Metallized film capacitors (MFCs) exhibit pronounced nonlinear, multistage capacitance degradation under coupled elec-
trical, thermal, and humidity stresses, while sample-to-sample variability and measurement errors further increase the uncertainty in
lifetime assessment. To improve the accuracy of remaining useful life (RUL) prediction for MFCs, accelerated aging tests under su-
perimposed AC - DC electrical stress were conducted at 85 °C and 85% relative humidity (RH), and a three-stage nonlinear Wiener
degradation model was established according to the stage-dependent characteristics of the capacitance degradation trajectories.
Change-point locations and stage-specific drift forms were identified using a procedure combining the Bayesian information crite-
rion with iterative search, yielding power-law, exponential, and power-law drift models for the three stages, respectively. Rauch -
Tung - Striebel smoothing and the expectation - maximization algorithm were subsequently employed to estimate model parameters
and derive prior information. As sequential observations were progressively incorporated, variational Bayesian inference was used to
update the latent states, random variables, and associated model parameters, from which the probability distribution of the RUL was
derived. Leave-one-out cross-validation results show that the predicted lifetime gradually approaches the actual lifetime as incremen-
tal degradation data become available, indicating that the proposed model can capture stage transitions and sample-to-sample vari-
ability during MFC degradation and validating the effectiveness of the sequential-data-driven probabilistic RUL assessment method.
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Fig. 1 Accelerated aging test platform for film capacitors
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Fig. 2 Temperature—dependent characteristics of capacitor parameters
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Fig. 3 Aging-time—dependent degradation characteristics of capacitor parameters
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