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Introduction
Non-Destructive Testing (NDT) and Structural Health 

Monitoring (SHM) Using Guided Waves

NDT and SHM look to non-invasively monitor material health to 

increase safety and manage the lifespan of such materials without having 

to destroy the material in the process. Guided waves are a good choice 

for evaluation of plate like structures because they can travel long 

distances with little energy loss. Guided waves can have multiple 

different modes for each frequency that is sent, many of which are hard 

to distinguish between.

Figure 3. Perturbation Effects in One Dimension
The blue data depicts that as new magnet pairs are added onto the bar, the 

maximum amplitude of the perturbed wave is decreased at a constant rate, showing 

a linear effect of magnet perturbation. The red data depicts spatial invariance. With 

a single magnet pair at 3 different locations along the bar, the effect on the wave 

amplitude is the same.

Methods
The first set of results analyzes how 

one wave mode is affected by 

individual magnet pairs. This is 

completed by exciting a Gaussian 

wave through a one-dimensional bar 

and analyzing the maximum 

amplitude of the wave pulse under 

different magnet conditions. The 

individual effects are then further 

analyzed on a two-dimensional 

plate. These effects lead to the 

engineering of a magnet lattice that 

has cumulative effects of the energy 

of selective wave modes.

Wave Mode Filtering Through Magnet Perturbation

The goal of this research is to find selective wave suppression and 

enhancement of wave modes. We do this by sending multiple wave 

modes through a material and comparing their behaviors under 

different conditions. This allows us to analyze the relationship of 

material alterations and wave selectivity. In this research, we will 

artificially alter a material and compare wave mode energies with a 

baseline using magnets, which absorb and reflect wave vibrations. 

Although individual magnets have a very small effect, magnet lattices 

create a cumulative scattering effect that is significantly larger.

Individual Effects of Magnet 

Perturbation

Cumulative Effects of Magnet 

Perturbation- Results
• Individual effects of magnet perturbation are relatively small but 

cumulatively they have a large effect.

• Running experiments with lattices over large ranges of wave 

frequencies presents selectivity in the perturbation effect, where the 

goal of selective wave suppression was achieved.

• Both suppression and enhancement occur as a result of wave 

perturbations via magnet absorption and reflection.
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Figure 5.  Cumulative Perturbation Effects

Comparing the baseline short-time Fourier transformation (STFT) with one of 

the lattices (4cm), the suppression and enhancement effects are seen with 

wave selectivity, where a 117 kHz wave mode is enhanced while a 103 kHz 

wave mode is suppressed.

Figure 1. Guided Wave Dispersion Curve

(Torres-Arredondo & Fritzen, 2011)

Guided waves have multiple modes for each 

frequency, with modes being determined by the 

structural properties of the medium the excited 

wave is travelling through. To accurately evaluate 

acoustic perturbation effects in NDT or SHM, 

extra wave modes need to be filtered out of the 

signal..

Figure 4.  Baseline preparation on the Two-Dimensional Plate
The spatial invariance effect in 1 dimension translates to 2 dimensions as theta 

invariance. With the source sensor at the center of the plate, the blue data points 

depict that the amplitude is the same as the receiving sensor is placed at different 

locations on the plate. As the receiver moves radially away from the source, we 

determine that the energy should decrease proportionally to 1/r , and because 

energy is proportional to the square of amplitude, amplitude will decrease with a 

power of -0.5. The red data shows a power of -0.6, with a steeper slope due to 

energy loss from imperfections in the transducers and the plate itself.

Figure 2. Experimental Setup for 

Cumulative Effect Analysis

Individual effect of magnets reveal a 

linearity effect, which inspires the idea of 

an engineered magnet lattice composed of 

1cm magnet cubes placed on a 2x2ft steel 

plate with which a guided wave chirp 

signal is emitted and analyzed under 

different lattice spacing of 3,4, and 5cm.
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Figure 6.  Energy Comparison of Wave Modes

Further comparing the energies of the two selected wave modes under all 

lattice conditions, the goal of selective wave suppression was achieved, with 

significant variability between lattice spacing, which suggests a wavelength 

dependence to the perturbation effect.

Summary and Conclusions
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Figure 7. Analysis of Absorption or 

Reflection Effects

This STFT is created with a magnet-

perturbed STFT subtracted from the 

baseline. Any positive intensity peaks in 

this STFT correspond to absorption, and 

negative values in the resulting STFT 

correspond to reflection by the magnets. 

This shows that selective suppression and 

enhancement effects occur both by magnet 

absorption and reflection.


