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Time-Frequency Analysis of Dispersive Waves in Structural Members
Under Impact Loads
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Abstract A time-frequency analysis method was developed to analyze the dispersive waves caused by impact loads in
structural members such as beams and plates. Stress waves generated by ball drop and pencil lead break were recorded by
ultrasonic transducers and acoustic emission (AE) sensors. Wavelet transform (WT) using Gabor function was employed to
analyze the dispersive waves in the time-frequency domain, and then to find the arrival time of the waves as a function of
frequency. The measured group velocities in the beam and the plate were compared with the predictions based on the
Timoshenko beam theory and Rayleigh-Lamb frequency equations, respectively. The agreements were found to be very
good.

Keywords: Structural members, Time—frequency analtysis, Impact load, Dispersive wave, Wavelet transform,
Group velocity
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Fig. 1 Gabor function and its Fourier transform
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Fig. 2 Experimental setup for group velocity
measurements in the steel beam
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Fig. 3 Experimental setup for group velocity
measurements in the aluminum plate
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Fig. 4 Experimental results for the beam: waveform
received at transducer S1 and its WT results
(magnitude and contour plot)
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received at sensor S1 and its WT results
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