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Abstract

The violin is a kind of string instrument. The sound
generation mechanism is from the frictional vibration
between the bow and string. The string vibration can
then transfer the vibration energy through the bridge to
the sound box that consists of top plate, back plate and
the ribs. The sound radiation is due to the air pulsation
around the sound box. This work aims to simulate the
structure and air coupling of violin by finite element
analysis (FEA). The violin structure-only system and
the violin structure surrounded by air for vibro-acoustic
coupling system are, respectively, considered to conduct
modal analysis. With the use of FEA software, the
system modes including natural frequencies and mode
shapes can be obtained. The violin is in free boundary,
and the air-structure coupling effect is included. From
the violin structure-only system modal analysis and the
air-structure system vibro-acoustic modal analysis, the
system modal properties are examined and categorized
as followings. (1) Structural vibration modes appear in
both systems. Other than the structural displacement
mode shape, the acoustic sound pressure mode shapes
can be visualized to interpret its physical mechanism. (2)
Acoustic sound pressure modes without structural
vibration effect can be identified for two types of
acoustics modes. One is interior cavity mode of sound
box, and the other is the exterior air mode outside of
sound box. These types of acoustic modes cannot be
obtain in the structure-only system. This work applies
FEA software to perform modal analysis on both
structure-only and air-structure systems and obtain
theoretical natural frequencies and mode shapes. In
particular, those acoustic mode shapes that are difficult
to measure in practice can be visualized numerically.
The simulation techniques can help to discuss the sound
quality as well as the design and fabrication of violin.
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