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Abstract: To address the reliance of conventional failure mode and effects analysis (FMEA) on expert
scoring, the difficulty in unifying heterogeneous indicators, and the sensitivity of risk rankings to weight
and sample fluctuations in vehicular proton exchange membrane fuel cell (PEMFC) systems, a data-
driven M-CRITIC-MUNRA risk-ranking method was developed. Six on-vehicle failure-test datasets
from a vehicle model denoted as Model N were used. Four risk factors were extracted: output-power
coefficient of variation, mean single-cell voltage range, 99th percentile of coolant outlet temperature, and

mean absolute tracking error of air-compressor speed. A failure mode-operating variable-risk factor map-
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ping and decision matrix were established. M-CRITIC was used to determine objective weights from indi-

cator dispersion and intercriteria conflict, while MUNRA integrated three normalization schemes. Ranking

stability was evaluated through ablation analysis, weight perturbation, leave-one-out rank-reversal analy-

sis, and 1, 000-run circular moving block bootstrap resampling. An FM2 low-temperature cold-start on-

vehicle test illustrated the practical risk-factor extraction and ranking procedure. The results show that
RF4 and RF1 have weights of 0.305 6 and 0.291 8, respectively, and the baseline ranking is FM1,
FM2, FM4, FM5, FM3, and FM6. At a perturbation amplitude of 0.15, the mean Spearman coeffi-

cient 1s 0. 935 7, the average leave-one-out rank-reversal rate is 0.100, and FM1 enters the top two in

88.1% of bootstrap samples. The method enables objective weighting and multiscale aggregation of het-

erogeneous operating indicators. Top-2 inclusion probabilities and ranking intervals can be jointly used to

form priority inspection groups for maintenance prioritization.
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Tab.1 Mapping relationship between failure modes and risk factors of hydrogen fuel cell system
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Tab.3 Decision matrix of global risk factors for each failure mode
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Fig.5 Robustness comparison of four weighting-ranking methods
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