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Monitoring method for wall thickness of variable-temperature pipelines

based on ultrasonic guided waves
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Abstract: Aiming at the problem of the decline in the accuracy of ultrasonic wall thickness measurement caused by
temperature fluctuations during the operation of high-temperature petrochemical pipelines, a measurement method based
on the inversion of temperature and the compensation of wall thickness by ultrasonic guided wave signals is proposed. A
two-dimensional steady-state heat transfer model was established, the temperature field distribution of the waveguide strip
was analyzed, an ultrasonic flight time prediction model was constructed, the quantitative relationship between the pipe
temperature and the ultrasonic flight time in the waveguide was characterized, and the real-time measurement of the tem-
perature of high-temperature pipes was achieved. On this basis, the ultrasonic guided wave thickness measurement data
was compensated to improve the accuracy of pipe wall thickness monitoring. An ultrasonic guided wave measurement plat-
form was built and experiments were performed. The results show that within the range of 15 ~ 500 °C, this method can

achieve precise measurement of the temperature change of the pipeline, and the measurement error of the wall thickness
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after compensation is + 0.1 mm. This method breaks through the application bottleneck of the existing guided wave thick-

ness measurement devices in variable-temperature environments, providing technical support for the safe operation of pet-

rochemical plants.

Key words: ultrasonic guided wave; variable temperature pipeline; wall thickness measurement; temperature com-

pensation
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Fig.1 Schematic diagram of ultrasonic guided wave pipe

thickness measurement
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Fig.2  Ultrasonic guided wave excitation and reception signals

at normal temperature of 15 C
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heat conduction
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Fig.4 Sound velocity of SHO in stainless steel at

different temperatures
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Tab.2  Ultrasonic guided wave temperature

measurement data at different temperatures

PRl I 2R

K5 ool ps I e I°C W%
1 211.30 15 17 +2 13.3
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5 21280 200 187 -13 6.5
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7 21372 300 290 -10 33
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Tab.3  Ultrasonic guided wave thickness measure-
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