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Comprehensive reliability analysis of smart electric meters based on physics of failure
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Abstract; In response to the widespread reliance on estimation manuals for reliability prediction of
smart electricity meters, which struggle to effectively integrate reliability analysis methods such as Failure
Mode, Effects, and Criticality Analysis (FMECA) and Fault Tree Analysis (FTA) to guide improve-
ments, and the over — reliance on human experience and lack of depth in fault analysis and improvement
that hampers the comprehensiveness and accuracy of the analysis results, this paper proposes an integrat-
ed analysis method based on Physics of Failure (PoF). Firstly, failure mechanisms of the involved elec-
tronic components are analyzed, and a reliability prediction model under multiple failure mechanisms is
constructed to obtain the failure rate data of the components. Subsequently, an integrated analysis combi-
ning FMECA and FTA is conducted based on this data to identify design weaknesses. Finally, targeted
improvement measures are proposed by integrating the failure mechanisms of the design weaknesses. Tak-
ing the measurement module of a certain type of smart electricity meter as an example for analysis, the re-
sults of FMECA and FTA in the integrated analysis are consistent and mutually validating, and specific
improvement measures are provided, demonstrating the feasibility of this method.
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