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Discussions on Chime Bell’s Percussion Sound Characteristics and Vibration Modes
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Abstract

Chime bell is one of ancient Chinese percussion instruments and known as the so called
dual-tone bell that can produce two different musical scales by striking different locations. This
work aims to investigate the percussion sound characteristics of a mini chime bell and perform
experimental modal analysis (EMA) to obtain vibration modes of the chime bell. The chime
bell is suspended and stroked by different sticks at the face and side of chime bell, respectively.
The sound spectra of face-tone and side-tone are obtained and examined for their pitch and
overtone frequencies. There reveals two different musical scales sound and have the special
dual-tone effect. As known, the percussion sound is related to structural vibration modes. Via
EMA on the chime bell, vibration modal parameters, including natural frequencies, mode
shapes and modal damping ratios, can be identified. By comparison of percussion sound spectra
and vibration modes of the chime bell, the pitch frequencies of face-tone and side-tone are

shown to correspond to the first and second natural frequencies of vibration modes, while those



higher vibration modes consist of the overtone frequencies, representing the tonality of chime
bell. This implies that the modal properties of bell chime can affect the musical sound quality.
In particular, the pitch frequencies of the face-tone and side-tone can be adjusted to have the
desired musical pitch sound when the chime bell geometry has the proper design. This work
presents the sound measurement and vibration modes identification of chime bell as well as
calibrates the relation of percussion sound and vibration modes. The experimental methodology
and analysis approach can be adopted for the evaluation of design modification of chime bell.
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Mode # ?;g ¥ ﬁ ﬁ}(%];) Mode ki éﬁi ¥ i:?%}(%];) Mode 2 Z;g * i igi iﬂi iﬂi
F-01 -- -- S-01 1536 45.40 E-01 1540.8 (1,1) -- 0.31
F-02 - - S-02 1790 28.8 E-02 1804.9 (1,2) - 0.83
F-03 2318 83.01 S-03 2318 65.10 E-03 2274.5 (1,1) -1.88 -1.88
F-04 2512 71.00 S-04 2510 78.94 E-04 24359 2,1) -3.03 -2.95
F-05 4636 41.66 S-05 -- - -- - - - -
F-06 6356 78.94 S-06 6358 69.46 E-05 5283.5 @3.1) -16.9 -16.9
F-07 6456 52.27 S-07 6458 80.89 E-06 6293.4 2,1) -2.52 -2.55
F-08 7020 44.15 S-08 7016 45.80 E-07 7038.1 (1,2) 0.26 0.31
F-09 7640 47.89 S-09 7640 47.89 E-08 7693.0 2,2) 0.69 0.69
F-10 9052 73.43 S-10 9052 73.43 E-09 9058.3 3,2) 0.07 0.07
F-11 9382 64.14 S-11 9382 64.14 E-10 9409.6 (1,2) 0.29 0.29
F-12 9618 62.83 S-12 -- - E-11 9737.6 3.,2) 1.24 -
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