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Abstract

The sound radiation characteristics for percussion
instrument are of interest. This work aims to perform
vibro-acoustic coupling analysis to visualize the radiated
sound pattern of half cylindrical tube. The half
cylindrical tube is designed with harmonic sound effect,
i.e. the overtone frequencies over the fundamental
frequency are with integer ratios. The finite element
analysis (FEA) commercial software (COMSOL) is
adopted to construct the finite element model of the tube
geometry as well as the surrounding air. Both modal
analysis and harmonic response analysis are conducted,
respectively, to obtain the tube’s natural frequencies and
mode shapes as well as the percussion sound spectrum.
The half cylindrical tube is also performed experimental
modal analysis (EMA) to get modal parameters,
including natural frequencies, mode shapes and modal
damping ratios. The percussion sound spectrum of the
tube can also be measured. Results show the air-structure
coupling effect has only minor effect on natural
frequencies in comparison to structure-only system. The
air-structural coupling system analysis can predict not
only the structural vibration characteristics but also the
sound spectrum response. From numerical model, the
tube’s modal parameters can be well predicted and
verified between FEA and EMA. The radiated acoustic
mode shapes that are difficult to obtain by experiments
can be visualized through simulation. The sound
spectrum of the half cylindrical tube can be reasonably
predicted and agrees with the measured one. This work
presents the air-structure coupling for modal and
harmonic response analysis, in particular for the half
cylindrical tube with harmonic sound effects. The
methodology can also be adopted for other structures or
percussion instruments as well.

Keywords: half cylindrical tube, harmonic sound,
vibro-acoutic coupling analysis, experimental modal
analysis (EMA), modal parameters, sound spectrum



