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Abstract
Percussion sound is of great interest to evaluate sound
quality of percussion instruments. The percussion sound
can be related to structural geometry, materials and
boundary as well as air media. Experimental approach
in aiding design is high cost and time consuming. This
work aims to develop vibro-acoustic coupling analysis
for the percussion instrument, particular for the crotale.
The finite element analysis (FEA) commercial software
is adopted to construct the FE model for the air and
structure interaction. First, theoretical modal analysis on
the air-structure is performed to obtain acoustic modal
parameters. The system mode shapes can be categorized
as structural mode shape and acoustic mode shape,
respectively. Structural mode shapes can be determined
via experimental modal analysis (EMA), and acoustic
mode shapes are hardly to get experimentally. This work
will compare modal properties obtained from FEA and
EMA, including natural frequencies and displacement
mode shapes, while the acoustic mode shapes can be
visualized via FEA. Harmonic response analysis is also
carried out to obtain frequency response function (FRF)
between the input percussion force and the output
radiated sound pressure. Results show both modal
parameters and FRFs reveal very good agreement. This
work shows theoretical simulations for both modal
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analysis and harmonic response analysis of the crotale
percussion instrument and validates modal parameters
as well as sound pressure response. The presented
analytical and experimental approaches can be applied
to other percussion instruments as well.

Keywords: finite element analysis, air-structure coupling
system, modal analysis, harmonic response analysis
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