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Numerical simulation of mode vibration and near sound field of
violin by the difference in physical properties of back-plate

MASAO YOKOYAMA™ FABIO ANTONACCI™

Abstract: The mode vibration and eigenfrequency were simulated by Finite Element Methods in order to analyze the influence
of the wood properties such as Young’s modulus, thickness and density. As maple wood which is used for back-plate of violin is
orthotropic material, the orthotropic property should be set in the calculation program. As the simulation result, the tendency of
change in mode shape and eigenfrequency was obtained. We discuss how material properties influence the eigenmode frequencies
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and shapes. Moreover, the acoustic radiation patterns of the plate vibrational modes are obtained.
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Fig.1 Scanning surface of violin back-plate (upper row, left),
aligning and cleaning the scanned point data (upper row,
right), imported mesh data in COMSOL Multihisics (lower

row)
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Fig.2 Orthotropic property of violin plate. Because wood is
orthotropic material, we set the typical (or real) value of
orthotropic properties of the wood to the parameters of
COMSOL Multiphvsics.

Table 1 Values for Orthotropic properties for setting in
numerical simulation [6]

Property Value

Young’s module Er/ EL 0.132

Er/EL 0.065

Rigidity modulus GLr/ EL 0.111
Grr/ EL 0.021 *

Gur/ EL 0.063

Poisson’s ratio pLr 0.424

URT 0.774

uLr 0.476

* Grr is assumed by the average of other hard woods because the
value is not showed in the article[6].
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Fig.3 Mode shapes of back-plate of violin, (a) mode 2 (x-
mode), (b) mode 5 (ring mode).

mode 5

Fig.4 Mode shapes (mode 2, 171 Hz and 5, 352 Hz) of
back-plate of violin by Chladni Method.
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Fig.5 The change of eigenfrequency of mode 5, (a) density
v.s. thickness, (b) Young’s modulus (EL) v.s. thickness.
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Fig.6 Radiation pattern from back-plate of violin, which
vibrates in mode 2 and 5.
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(a) mode 2, x-z plane, y =0

(b) mode 2, y-z plane, x = 195mm

(c) mode 5, y-z plane, y =0

(d) mode 5, y-z plane, x = 195mm

Fig.7 Radiation pattern from back-plate of violin in x-z
plane and y-z plane.
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