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Sound Characteristics of Bell Plate
and its Model Verification
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Abstract

The bell plate is a percussion instrument made of
stainless steel. It is designed to have different sizes, and
each size has a corresponding musical scale. This paper
mainly discusses the sound characteristics of the F4
scale bell plate structure, and constructs the bell plate
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numerical model to conduct model verification (MV).
First, this work measures the sound response of striking
the bell plate, and uses time-frequency analysis, spectral
analysis and decay rate analysis to discuss the sound
characteristics of its pitch, timbre, and continuity. At the
same time, we evaluate the measured sound quality of
different sensors, explore the sound characteristics of
hammers with different hardness, and compare the
differences when hitting different positions on the bell
plate. Secondly, Finite Element Analysis (FEA) is
adopted to construct the finite element model of the bell
plate, and the theoretical modal parameters can be
obtained by performing modal analysis, including
natural frequencies and mode shapes. Harmonic
response analysis can get the frequency response
functions (FRFs). The experimental modal parameters
of the bell plate can be obtained by Experimental Modal
Analysis (EMA). The modal parameters of FEA and
EMA are compared to discuss the feasibility of the
numerical model. Results show that the numerical
model can effectively predict natural frequencies, that is,
the percussion sound frequencies of the bell plate
measured via different sensors with good agreements,
and the corresponding mode shapes are also quite
consistent. Based on the analysis of the sound
characteristics of the bell plate and the verification of
the structural model, we can understand that each main
sound frequency is related to the natural frequency of
the structural vibration mode, and different striking
positions will have different sound spectrum due to the
characteristics of the corresponding mode shapes. The
experimental approach and FEA analysis method
proposed in this paper can be used to design bell plates
with different geometries and materials.

Keywords : Sound Characteristic Analysis, Model
Verification (MV), Finite Element Analysis (FEA),
Experimental Modal Analysis (EMA)

A025-8



