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Abstract : This study addresses the electromechanical coupling failure issues in low—power ultrasonic water
meters by employing a closed—-loop approach involving failure mechanism analysis, collaborative
design optimization, and engineering validation to propose reliability enhancement solutions.
Experimental results indicate that adhesive layer hydrolysis accounts for 1.19%, with a peak activation
current of 2.8 mA. After improvement, the moisture—heat strength retention rate of the adhesive layer is
90%, the peak current drops to 1.5 mA, and the annual failure rate is optimized to 0.4%. Innovatively,
an integrated structure—circuit architecture and an embedded health management strategy are
proposed, achieving an MTBF of 12 years and providing technical support for industry standardization.

Keywords : low-power ultrasonic water meter; electromechanical coupling reliability; accelerated life
testing; health management strategy; reliability growth
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