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Abstract of Thesis

Maintenance and quality control are essential for ensuring the safety, performance, and longevity of industrial
facilities and infrastructure. In sectors such as energy, aerospace, and transportation, components are often
subjected to severe conditions including thermal stress, mechanical loads, and corrosion. These factors can lead to
degradation mechanisms such as fatigue and stress corrosion cracking (SCC), especially in critical regions like
heat affected zones (HAZs) near welds. To prevent structural failures and extend service life, nondestructive
testing (NDT) techniques are widely used to detect defects without damaging the components. Among the
available inspection techniques, ultrasonic phased array (PA) technology is widely employed in NDT. However, in
high temperature environments such as nuclear power plants, direct contact between probes and test objects is
often impractical. Buffer rods are typically used to transmit ultrasonic signals while protecting the probe from
heat. However, conventional bulk buffer rods suffer from near field limit that degrade beamforming performance
when used with PA probes. This thesis proposes an alternative solution using waveguide-based buffer designs,
inspired by guided wave behavior in plates and cylinders. Focusing on pipelines that carry high temperature
liquid sodium coolant, this study explores waveguide buffers that preserve effective PA inspection under high

temperature conditions.

First, numerical analyses were conducted to investigate PA imaging using a stacked plate buffer. The buffer was
designed based on the dispersion characteristics of the SO mode in Lamb waves to maintain the performance of
the phased array transducer. Initial simulations showed limitations in imaging quality due to multiple reflections
at the buffer ends. The concept of the effective detecting region (EDR) for a PA probe with a stacked plate buffer
was then established through theoretical derivation and validated by numerical simulations. Results confirmed
agreement between theory and simulation, and further analyses demonstrated that increasing the buffer length
extends the EDR.

Second, experimental investigations were conducted to evaluate the feasibility of PA imaging using a stacked
plate buffer. A buffer was fabricated based on the SO mode dispersion characteristics and tested in defect imaging
experiments. The initial results showed high intensity spurious regions and blurred defect images. Subsequent
numerical analysis indicated that these spurious images were caused by trailing waves generated in a plate.
Theoretical and numerical studies demonstrated that increasing the plate width can remove these trailing waves.
Experiments with wider plates confirmed that the spurious images were effectively removed, resulting in clearer

defect images.

Finally, to further solve the problems of trailing waves in plates, a buffer consisting of a bundle of circular
cylinders was developed. The design was determined by considering the dispersion characteristics of the
longitudinal guided wave modes in circular cylinders and parameters of the PA probe. In experiments using the
buffer consisting of a bundle of circular cylinders, defects were successfully imaged using two imaging algorithms
as plane wave imaging and total focusing method even though with a relatively small signal-to-noise ratio. The
influences of trailing waves happened in stacked plate buffer were successfully solved by a buffer consisting of a

bundle of circular cylinders with small diameter.
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