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Abstract of Thesis

Investigating the three-dimensional dynamic deformation of oscillators is crucial for optimizing their performance,
extending their lifespan, and enhancing their initial design. This study explores innovative approaches to address the
challenges associated with current non-contact dynamic analysis methods. While coherent imaging methods such as
holographic interferometry, electronic speckle pattern interferometry, and digital speckle shearography offer high
sensitivity, they are also sensitive to experimental setup, calibration, and ambient vibration which makes them not suitable
for in-situ measurements. Grating-based methods like fringe projection profilometry and moiré profilometry, although
featuring simpler and less sensitive setups to environmental conditions, have limitations related to phase-shifting
methods for phase retrieval, making them unsuitable for dynamic shape measurement of oscillators. Conversely,
numerical methods, which require no experimental setup, demand comprehensive knowledge of material parameters and
geometrical profiles, raising questions about accurate modeling, especially for devices with complex structures. This study
introduces two novel methods based on the Moiré concept due to its sensitivity to small deformations: One-Pitch Phase
Analysis (OPPA) for Z directional or out-of-plane vibration analysis of low-frequency (< 10 kHz) devices, and Sampling
Moiré (SM) for XY directional or in-plane vibration investigation of both low and high-frequency (> 10 kHz) oscillators.
The practical application of OPPA in automotive vibration measurements is checked which offers insights into car body
and engine vibrations. A detailed investigation of in-plane vibrations using the SM method is conducted and sheds light
on the dynamic behavior of a weighted tuning fork with a low frequency of vibration. Furthermore, the SM method is
extended to analyze Micro-Electro-Mechanical System (MEMS) transducers with a high frequency of oscillation, not
only to determine their vibration behavior but also to refine their analytical and numerical models and control the quality
of these systems. The study concludes with a comprehensive discussion, analyzing findings, considering implications,
and highlighting the contributions of these innovative methods to the field of vibration and dynamic analysis. In essence,
this study introduces precise and versatile solutions for three-dimensional dynamic measurements applicable to a wide
range of oscillators, from micron to meter sizes and oscillation frequencies from a few Hz to several GHz. These methods
address the limitations of existing techniques and open new possibilities for understanding and optimizing the structural
and dynamic models of oscillators. The findings underscore the importance of adopting advanced measurement
techniques to ensure the reliability and efficiency of oscillators in various applications. Additionally, the research paves
the way for future innovations in dynamic analysis, potentially leading to the development of even more sophisticated
diagnostic tools. As technology progresses, the implementation of these novel methods could become standard practice

in the field of dynamic analysis.
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