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Design and Verification of Half
Cylindrical Tube with Harmonic
Sound Effect for Percussion
Instrument
Bor-Tsuen Wang?, Chang-Yu Yang!,

Ying-Hui Wu?

!Department of Mechanical Engineering National
Pingtung University of Science and Technology
2National Nei-Pu Senior Agricultural-Industrial VVocational
School of Machinery Division

Abstract

The bamboo percussion instrument and wind bell can
be found with the basic shape of half cylindrical tube, and
their sound can reveal with near harmonic sound effect.
This work aims to develop the design and verification
method to get the half cylindrical tube with harmonic
sound. That the harmonic sound means the tube’s
percussion sound peak response frequencies having the
integer ratio relation between overtone frequencies and the
fundamental frequency. First, finite element analysis (FEA)
is adopted to construct parametric geometry model of half
cylindrical tube and perform modal analysis to obtain
natural frequencies and mode shapes. The optimization
problem can then be formulated. The geometry parameters
are design variables to be determined such that the
objective function defined accordingly for harmonic sound.
The geometry design of half cylindrical tube can be
obtained to have the percussion sound with harmonics
characteristics. The designed tube is also manufactured
and performed experimental modal analysis (EMA) to get
its modal parameters. The percussion sound is also
measured to obtain sound spectrum for calibrating the
effective design. Results show the designed half
cylindrical tube can meet the design goals for harmonic
sound effects. The fundamental frequency is
corresponding to standard frequency of musical note F5
within 0.45%. This meets the requirement for percussion
instrument. This work demonstrates the feasibility of
designing the half cylindrical tube with harmonic sound.
Different musical notes of tubes can be designed by the
general geometry model and shown promising to come up
with a new type of percussion instrument.
Keywords:half cylindrical tube, harmonic sound,
percussion instrument, finite element analysis (FEA),
experimental modal analysis (EMA), modal parameter



