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Abstract

The high-level nuclear waste (HLW) repository is exposed to complex environmental
conditions consisting of high temperature, high humidity, and radiation, resulting in
structural deterioration. Therefore, structural health monitoring is essential, and piezo
sensors are used to detect cracks and estimate strength. However, since the monitoring
sensors installed in the disposal tunnel and disposal container cannot be replaced or
removed, the quantitative life of the monitoring sensor and its suitability must be
assessed. In this study, the life of a piezo sensor for monitoring was assessed using an
accelerated life test (ALT). The failure mode and mechanism of the piezo sensor under
high temperature conditions were determined, and temperature stress’s influence on
the piezo sensor’s life was analyzed. ALT was conducted on temperature stress and
the relationship between temperature stress and piezo sensor life was suggested. The
life of the piezo sensor was assessed using the Weibull probability distribution and the
Arrhenius acceleration model. The suggested relationship can be used in multiple
stress ALT designs for more precise life assessment.
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Fig. 1. Test setup (Hwang et al., 2022)
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Table 1. Piezo sensor specification

Sensitivity Measurement range | Output range | Frequency range | Resonant frequency | Temperature range
(mV/m/s?) (m/s%) ) (Hz) (kHz) (°C)
981 (+10%) +5.1 +5 0.5~10,000 25 -54~121
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Fig. 3. Accelerated life test procedure (Kim, 2009; Lee and Yun, 2009)
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Fig. 4. Test method for failure mode and failure mechanism evaluation
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Table 2. Test cases for failure mode and failure mechanism evaluation

. Stress level Sample size of Sample size of Exposure time
Evaluation .
(°C) sensors piezo elements (hr)
Failure mode 140 5 - 480~1,008
140 - 2 24
Failure mechanism
180 - 2 24
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Table 3. Test cases for life assessment with stress-life relationship

Stress level (°C) Sample size of sensors Exposure time (hr)
150 5 840~2,976
160 5 240~744
170 5 28~88
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Fig. 6. Signal results under temperature stress
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Table 4. Likelihood ratio test results

Distribution AIC -2Loglikelihood BIC
Weibull 205.78 198.23 206.36
Loglogistic 206.41 198.55 206.67
Frechet 207.52 199.34 207.46
Exponential 211.32 206.32 211.73
LEV (Largest Extreme Value) 230.82 222.64 230.76
Logistic 233.44 225.26 233.39
Normal 237.50 229.31 237.44
SEV (Smallest Extreme Value) 243.05 234.87 242.99
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