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4 Phase velocity

5 Group velocity
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! Resolution

2 Wave number

3 Dispersion equation

4 Disperse

5 Pack share

¢ Vallen

7 Graphical User Interface for Guided Ultrasonic Waves
8 Frequency spectrum
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! Cutoff frequency

2 Ultrasonic probes

3 Piezoelectric elements

4 Laser-based ultrasonics

5 Interdigital transducers (IDT)
¢ Fiber-optic sensors
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! Backing material

2 Matching layer

3 Perspex

4 Lead zirconate titanate (PZT)
5 Laser source

6 Laser interferometer
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! Interdigital transducers
2 Polyvinylidene fluoride (PVDF)
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! Time of flight (TOF)

2 Tomography

3 Structural health monitoring (SHM)
4 Zero group velocity (ZGV)
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! Navier wave equation
2 Lame constants
3 Helmholtz decomposition
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! Electromagnetic acoustic transducer
2 Higher Order Mode (HOM)
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3 Closed-form analytical solution
4 Nonlinear Lamb wave mixing technique
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! Imaging method

2 Satyarnarayan

3 Mild steel (MS)

4 Time-of-flight
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! Pulser- receiver
2 Ultrasonic Pulser/Receiver
3 Tone-burst signal
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2 Electrical discharge machining (EDM)
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Abstract:

Lamb wave is a type of guided wave that propagates in thin plates. At high-frequencies, due to the
dispersion property, inspection of structures is associated with error. In recent years, higher order
modes cluster (HOMC) guided waves have been used in the high frequency-thickness range for
nondestructive testing of materials. An HOMC guided wave consists of several higher order Lamb
wave modes that travel together as a cluster. This wave is non-dispersive and its characteristics are
determined by the participating modes and in particularly the dominant mode. Limited studies
carried out on in the HOMC guided waves, so there is a need for more research and better
understanding of the characteristics of these waves. In this study, HOMC guided wave propagation
in a plate, wave properties, and interaction with a notch defect have been investigated by using
numerical simulation and experiments. The modes present in the HOMC guided wave and the
dominant mode in the frequency-thickness range of 15 to 35 MHz-mm were identified using two-
dimensional fast Fourier transform (2D FFT) method. The results showed that with increasing the
frequency-thickness product, the modes in the HOMC guided wave and the dominant mode tend
towards higher order modes. Notches with different depths were machined in a 10 mm thick steel
plate to investigate the sensitivity of the HOMC guided waves to defects. Numerical and
experimental reflection coefficient of notches at different frequency-thickness products showed
that the sensitivity of HOMC guided waves to defects decreases with increase of the frequency-
thickness product. Results of this study provide a better understanding of the HOMC guided

waves, and the effect of the frequency on the properties of these waves.
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