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ABSTRACT

Violin is one of important instrument in modern
orchestra strings group. The f-hole on the top plate of violin
is of interest for its effect on sound radiation. This work
aims to discuss the effect of f-shape sound hole on the
acoustic response of violin. The violin structure with
normal f-hole is first constructed to perform modal analysis
so as to obtain structural natural frequencies and
corresponding displacement mode shapes, while harmonic
response analysis is also performed to obtain structural
vibration spectrum. Next, the violin structure with air fluid
interaction is considered to construct the violin structure
and air coupling analysis model. Both modal analysis and
harmonic response analysis are, respectively, conducted to
obtain modal parameters and frequency response functions
(FRFs). In particular, the violin’s natural frequencies can be
predicted and revealed their corresponding structural
displacement mode shapes and air sound pressure mode
shapes. The sound spectrum can also be predicted and
related to structural and air modal properties. Finally, the
violins with normal f-hole, smaller f-hole and without f-
hole are numerically studied for their acoustic response that
are correlated to structural vibration modes and air acoustic
modes. Results show sound spectrum below 500 Hz are
mostly affected by the sound box cavity modes, while those
violin structural flexible vibration modes contributing to
sound spectrum are above 500 Hz. The effect of f-hole on
structural vibration spectrum and acoustic sound spectrum
is also presented. Violin with f-hole can intensify the sound
radiation rather than violin without f-hole due to the cavity
mode effect. Violins with normal and smaller f-hole possess

EA FER SRS 1A §
—— Chinese Society of Sound and Vibration

N

the similar flexible vibration modes, that can effectively
induce sound radiation, but with different natural
frequencies. This work successfully demonstrates the
sound radiation mechanism of violin by performing the
structural and air coupling acoustic analysis. The developed
analysis techniques are applicable to investigate other
structural effects, such as bass bar and sound post as well
as violin geometry or material.

Keywords: violin, f-hole, vibration analysis, acoustic
analysis, natural frequency, displacement
mode shape, sound pressure mode shape



