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S01 | 774 | 8851 | E-01 | 774.06 | (21) | -0.01

S-02 | 2110 | 65.91 | E-05 | 2110.00 | (3,1) | 0.00

S-03 | 2137 | 64.38 | E-06 | 2135.80 | (3,1) | 0.06

S-04 | 3934 | 51.77 | E-09 | 3922.40 | (4,1) | 0.30

S-05 | 4012 | 53.59 | E-10 | 4017.30 | (4,1) | -0.13

S-06 | 5235 | 54.10 | E-11 | 5235.00 | (3,2) | 0.00

S-07 | 5326 | 49.10 | E-12 | 5315.40 | (3,2) | 0.20

S-08 | 5792 | 48.55 | E-13 | 5790.80 | (2,2) | 0.02

S-09 | 5963 | 4241 | E-14 | 5945.40 | (2,2) | 0.30

S-10 | 6282 | 57.24 | E-15 | 6287.90 | (4,2) | -0.09

S-11 | 6383 | 45.94 | E-17 | 6387.60 | (5,1) | -0.07

B ir o R4s#3 B4 i (dB)5+100(dB)

Discussions on Vibration Modes and
Sound Generation Mechanism of
Different Bells
Bor-Tsuen Wang**, Chang-Yu Yang?!,
Bo-Jun Zhang?, Chia-Hsien Huang?,
Ying-Huei Wu?
!Department of Mechanical Engineering
National Pingtung University of Science and
Technology
National Nei-Pu Senior
Agricultural-Industrial VVocational School of
Machinery Division
(MOST105-2622-E-020-001-CC3)
*Email: wangbt@mail.npust.edu.tw

Abstract

Bells can be found worldwide and may have
different geometry that will affect the sound
characteristics. This work aims to examine the structural
geometry of different bells, including Di bell, Korean
bell and Fa-Hua bell by adopting experimental modal
analysis (EMA) to investigate vibration characteristics
of different bell structures. The percussion sound of bell
correlated to the structural vibration modes will also be
studied. First, three types of bells are performed EMA
by using the hammer as the actuator and both the
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accelerometer and microphone as the sensor,
respectively. The bell’s frequency response functions
(FRFs) can be measured and processed for curve fitting
to obtain structural modal parameters, i.e. natural
frequencies, mode shapes and modal damping ratios.
The bell’s percussion sound is also measured its time
domain response as well as the auto power spectral
density function or simply sound spectrum via fast
Fourier transform (FFT). The sound characteristics can
be interpreted and correlated to FRFs and modal
parameters. Results show the bell’s sound spectrum can
be characterized for its fundamental and overtones
frequencies that are related to the bell structural
vibration modes. In particular, the natural frequencies of
circular modes of bell dominate the sound spectrum.
The small damping ratios result in the long existing
sound. This work applies EMA to obtain vibration
modes of different bells and investigate the sound and
vibration correlation of bells. The techniques can also be
applied to other instruments as well.

Keywords: Bells, Frequency response function (FRF),
Modal parameter, Sound spectrum
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