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Form 3

Synopsis of Thesis

Mode conversion of torsional guided waves for pipe inspection:

an electromagnetic acoustic transducer technique
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Nurmalia

The extensive usage of pipe structures in many high-risk industrial applications encourages the
continual study of pipe inspection techniques. This study is motivated by the importance of defect
detection and wall-thinning inspection in a pipe structures, a frequent mechanism of pipe rupture.
An electromagnetic acoustic transducer (EMATSs) system with an original configuration is
developed for this purpose. This is an entirely non-contact transducer, enabling measurement at
high temperatures, less physical site preparation needed prior to inspection, and reduced time
required for inspection itself. Torsional guided waves are utilized as a means for this inspection. A
new novel inspection method is proposed which is based on group velocity change induced by
mode conversion. This method relies on traveling time measurements, which is less susceptible to
many factors, in contrast with the commonly-practiced amplitude based measurements. The
group velocity of each higher torsional mode depends on pipe wall-thickness and its tendency to
convert to a lower mode with a higher group velocity when the thickness is smaller than a critical
value, the so-called cut-off thickness. Thus, the mode conversion behavior can be a basis for pipe
wall-thinning inspection.

Extensive fundamental studies are performed to explore the propagation and conversion behavior
of torsional guided waves. The results of this study would provide a better understanding of the
mode conversion phenomena. The fundamental torsional mode, T(0,1), and the first higher mode,
T(0,2), are generated in pipes containing defects and their mode conversion behaviors are
investigated. The conversion of T(0,2) mode to T(0,1) mode with a higher group velocity at the
defect is observed. This conversion causes a decrease in traveling time which can be a basis for
defect detection and characterization. It is also confirmed that the conversion behavior is
sensitive to the shape of the thickness transition at the defect edge. Total reflection of the T(0,2)
mode occurs in a pipe with a greatly-tapered defect.

The proposed method is then applied for inspection of various defects. Partial-circumferential
defects are successfully detected by the proposed method. The method can detect a
fully-circumference defect with an axial length as narrow as the generated wavelength. A system
of two 1dentical EMAT'Ss connected by a rod-shaft is also developed to enable internal inspection of
pipe structures. This system successfully evaluates the presence of a dish-shaped defect. A
scanning inspection of multiple defects is also demonstrated to simulate a practical application. A
phase-shift is observed in response to the presence of a defect during the scanning.
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