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Abstract

Chime-bell is a kind of traditional Chinese
percussion instrument, and chime-bells of Marquis Yi
of Zeng is the largest and most wide-ranging musical
instrument among the ancient chimes. This work aims
to measure and analyze sound characteristics of the
reproduced chime-bells exhibited in National Museum of
Natural Science. This study includes five sets of chime-
bells, i.e., Nui Bell, Yong Bells without the protrusion,
short and long protrusions as well as Large Yong Bell
with long protrusions. The chime-bell is designed for
two-tone that can be named as Face-tone and Side-tone.
While the Face-tone sound is struck at the middle of
drum area, the Side-tone is at the side. The percussion
sound is recorded by mobile device and carried out for
spectral analysis, spectrogram analysis, and decay rate
analysis so as to examine the pitch, tonality, and decay
effect of chime-bell sound. From the sound spectrum
and its time-frequency plot, one can categorize the
fundamental frequency that is for the pitch evaluation
and other overtone frequencies that compose of tonality
of percussion sound. The decay rate of time waveform is
determined to characterize the decay effect, namely the
continuity. This work shows the detailed analysis for a
Nui-Bell and evaluate the design philosophy of the five
sets of chime-bells. Results show the interval differences
between the Face-tone and Side-tone are mostly with
major third or minor third. The same set of chime-bell

can produce a series of musical notes, though some of the
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pitch are not quite match with the standard frequencies,
but identifiable. Different sets of chime-bells reveal lower
and higher pitches; however, their basic patterns in terms
of frequency response are similar. This work primarily
investigates the percussion sound characteristics of five
chime-bell sets and calibrates the pitch of Face-tone and
Side-tone as well as the pitch relation in a chime-bell set.
There are much more sound generation mechanisms and
design philosophy for the chime-bells to explore in the
future.

Keywords: Chime-Bells of Marquis Yi of Zeng, Sound
Characteristics, Spectral Analysis, Time-
Frequency Analysis, Fundamental Frequency,

Overtone Frequency
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