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Abstract

The tiny copper bells are made to mimic the large
scale of bells that are too much cost and frequently
hanged at the door for prayer and avoiding evil. This
work aims to investigate the vibration characteristics of
two tiny copper bells that made with different shapes and
surface carvings as well as their sound generation
mechanism. Finite element analysis (FEA) software,
ANSYS, is adopted to construct the FE model of bells
and perform theoretical modal analysis (TMA) so as to
obtain theoretical modal parameters, i.e. natural
frequencies and corresponding mode shapes. From
obtained bell’s mode shapes, the grid on the bell for
experimental modal analysis (EMA) can be planned
accordingly. The impact hammer is used as actuator and

the accelerometer as sensor, respectively, to determine
structural frequency response functions (FRFs) that are
used to perform curve-fitting by ME’scopeVES to obtain
experimental modal parameters, including natural
frequencies, mode shapes and modal damping ratios. The
percussion sound measurement on the tiny bell hit by
steel stick is also carried out, and the sound pressure
response is recorded and processed by Sound and
Vibration Measurement (SVM) software to get sound
auto spectrum as well as time-frequency plot. From the
comparison between theoretical and experimental modal
parameters, the tiny bell’s vibration modes can be
properly identified. In addition, the percussion sound
spectrum can be correlated to those structural vibration
modes. The percussion sound is also analyzed to get its
fundamental frequency and overtone frequencies for
tonality, sound pressure level and decay rate that are used
as objective indices. The subjective evaluation is
characterized by sharpness, brightness and continuity.
Finally, both subjective and objective evaluations are
correlated. Results show both numerical and
experimental modal parameters agree well to each other.
The sound perception difference between the two tiny
copper bells can be interpreted by subjective and
objective evaluation. This work presents the application
of FEA and EMA to investigation on two tiny copper
bells. The numerical and experimental techniques can be
adapted to bell type’s percussion instrument design and
manufacture.

Keywords : Tiny Bell, Finite Element Analysis (FEA),
Experimental Modal Analysis (EMA), Sound Generation
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