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Tracing and localization method of spherical inner detector for
pipelines based on active acoustics
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Abstract: Aiming at the difficulty of tracing and localization of spherical inner detector this paper proposes a method of calculating the
distance between the detector and the monitoring points through actively emitting sound with the detector and remotely listening to the
guided wave pulses in real time on the outer surface of the pipeline. Based on analyzing the localization principle the implementation
key points are clarified and the effectiveness of this method is demonstrated through finite element simulations and experiments. Study
demonstrates that polyurethane vibration-damping layer of the detector can severely suppress the acoustic emission and opening a hole on
the polyurethane and making the aluminum sphere shell contact with water can ensure sufficient emitted sound intensity; the guided
waves in both fast and slow modes have clear start characteristics and stable propagation speed which can be used to calculate the guided
wave propagation distance and locate the inner detector. The amplitude of the slow wave is much larger than that of the fast wave and the
slow wave should be used in practical applications. Finally sound velocity measurement experiment and inner detector localization
experiment were carried out in a @219 mm water-filled steel pipe. In the experiments the measured delay has excellent repeatability its
range is not more than 80 ws. The experiments also demonstrate that the method can locate the spherical inner detector in real time and
monitor the process of departing from and approaching to the monitoring point.
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Fig. 1 The tracing and localization principle diagram

of the spherical inner detector
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Table 1 Physical field and material parameters used

in the simulation

/ / /
( kg/m®) Pa (m/s)
2 700 7x10'°  0.33 6197
1250 9x10°  0.47 3100
PZT-5H 7 500 - - -
PZT-5H 7 500 - - -
1 000 - - 1 500
1.29 - - 343
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Fig. 3 The sound field distribution for different models
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Fig.2 Excitation electrical signals and excited acoustic signals

4
Fig.4 Influence of hole size and shape on excited

sound intensity of the inner detector
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Fig.5 Simulation results of the guided waves in
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Fig. 6  Calculation of the group velocities of two mode waves
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Fig. 7 Schematic diagram of the sound devices
in the spherical inner detector
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Table 2 Repeatability of the delay in multiple
measurements at the same distance

PZT PZT
/m / s /m /s
/s

0 13.8 65 6 9.43 39
1.2 80.5 226 7.2 8.21 31
2.4 9.2 28 8.4 4.77 17
3.6 17.27 71 9.6 10. 58 33
4.8 5.45 25 10. 8 9.94 33

8

Fig. 8 Measurement experiment of the sound velocity

of the guided waves in a liquidfilled pipeline
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Fig.9 Spherical inner detector localization experiment

in a pipeline
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