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Real—time Health Monitoring of Pipeline Structures Using Piezoelectric Sensors
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Abstract

Pipeline structure is one of core underground infrastructure which transports primary sources. Since the almost pipeline
structures are placed underground and connected each other complexly, it is difficult to monitor their structural health
condition continuously. In order to overcome this limitation of recent monitoring technique, recently, a Ubiquitous Sensor
Network (USN) system based on on—line and real—time monitoring system is being developed by the authors’ research
group. In this study, real—time pipeline health monitoring (PHM) methodology is presented based on electromechanical
impedance methods using USN. Two types of damages including loosened bolts and notches are artificially inflicted on the
pipeline structures, PZT and MFC sensors that have piezoelectric characteristics are employed to detect these damages.
For objective evaluation of pipeline conditions, Damage metric such as Root Mean Square Deviation (RMSD) value was
computed from the impedance signals to quantify the level of the damage. Optimal threshold levels for decision making
are estimated by generalized extreme value(GEV) based statistical method. Throughout a series of experimental studies,
it was reviewed the effectiveness and robustness of proposed PHM system.

Keywords : Electromechanical impedance, Generalized extreme value distribution, Low—Cost self—sensing method,
Piezoelectric sensor, Root mean square deviation, Structural health monitoring
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Self-sensing circuit
based on voltage divider

Fig. 1 Self—sensing circuit using capacitor
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Fig. 2 Testbed for pipeline damage detection experiment
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Fig. 5 Schematic diagram of the impedance method
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Fig. 6 Simulation of Damages
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