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Consideration of Finite-difference Time-domain Method for Vibration of Xylophone
From Euler-Bernoulli Beam Theory to Mindlin Plate Model

R (AR EB U=7 Y )
TSURLU, Hideo (Nittobo Acoustic Engineering Co. Ltd.)

ABSTRACT: A xylophone is an elastic material which has a non-uniform cross section.
The basic physical model of the vibration of the xylophone is constructed by the Euler-
Bernoulli beam theory. However, in that theory the shear deformation is not taken into
account. Thus, the dispersion relation deviates from the actual value when the wavelength
becomes short compared to the thickness of the beam. A improved dynamical equation of
the xylophone is considered by using Timoshenko beam theory or Mindlin plate theory.
Vibrational motions of the elastic bar are simulated numerically through a finite difference
method. Since the order of the spatial differentiation in the coupled partial differential
equations is larger than that of the time differentiation, an implicit method is used to
stabilize its numerical behaviour. The simulation can predict temporal behaviours of the
vibration which are influenced by the changes of the shape and the position of the impact
point. It is concluded that the damping effects are important to reproduce a realistic
sound.
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Table 1. Comparison of characteristic frequencies of the beam models.

Euler-Bernoulli | Timoshenko
First 1724(Hz) 1689(Hz)
Second | 4752(Hz) 4503(Hz)
Third | 9316(Hz) 8439(Hz)
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Table 2. Model parameter

Length 200mm
Width 30mm
Thickness 15mm

Mass density 1000.0kg/m?
Young’s modulus | 2.0x10'° (Pa)
Poisson’s ratio | 0.25

Ar, Ay lmm

At . Sps

Initial velocity 1m/s
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Fig.5. Comparison of temporal waveforms of out-of-plane vibration. The top stands for
Timoshenko model and the bottom, Mindlin model. The evaluation point is on the central

line.
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Fig.10. The model of non-uniform cross seection.
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Fig.12. Power specrtums of out-of-plane vibration of the uniform beam (top) and the
non-unform beam (bottom).
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