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Abstract

Violin is a kind of string instruments. The sound
generation mechanism is from the frictional effect
between the bow and string to induce the string vibration
and so forth the generation of sound via sound box. This
work tends to determine the mode shape of string
vibration modes. Because of the nature of string, which
is the thin wire, to measure vibration modes by
conventional modal testing or experimental modal
analysis (EMA) is difficult. The impact hammer is not
suitable to excite the string, and the accelerometer with
relatively large mass is not easy to attach and measure the
string motion. This work proposes an operational modal
analysis (OMA) method to identify the string mode
shapes. The operating condition is to apply the plucking
force on the string by finger, i.e. the applied force is
essentially unknown. While the non-contact laser
vibrometer is used to monitor the string motion after
plucking, the accelerometers are applied at the bridge and
top plate, respectively, as the reference signals. The
concept of OMA is reviewed and detailed the
experimental procedure for measuring the string response.
The post processing on the measured data from OMA is
also introduced so as to obtain the string vibration mode
shapes. Results show the frequency response functions
(FRFs) between the string displacement and referenced
acceleration are not able to predict mode shapes properly,
because of unsteady plucking force excitation. This work
proposes two methods, i.e. time and frequency domain
approaches, to adjust the laser response signals account
for unevenly plucking forces. The approaches can
reasonably identify the first few displacement mode
shapes of string vibration modes. This work develops the
OMA method to obtain the string displacement mode
shape successfully. The proposed OMA procedure and
post-processing methods on the measured data can also
be applicable to determine structural mode shapes or
operational deflection shapes (ODS) for structures or
machineries subject to unknown operating conditions.

Keywords : Violin string, Operational Modal Analysis
(OMA), displacement mode shape,

vibration modes
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