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Numerical Simulations
of the Bowed String Vibration
in Starting Transients

SHUN NakAsHIMAT! and SHIGERU Y OSHIKAWA 2

A sharp corner travels back and forth on the bowed string in the steady state.
This motion (called the Helmholtz motion) was first discovered by Helmholtz.
We were carried out numerical simulations of the bowed string vibration in the
starting transients. The wave motion was analyzed not only at the bowing
position but over the whole string. As the result, it suggested that (1) the
acceleration of the bowing is needed to create the Helmholtz motion and (2)
loss at the nut is important to stabilize the bowed string motionO Also, the
bowed string motion is such a simple triangle as Helmholtz suggested, and a
small corner is likely to be formed at the bowing position.
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Fig.1 Plucked string vibration. Fig.2 Bowed string vibration.
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Fig.3 The requirements for switching the sticking and the slipping state.
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Table 1 The requirements for switching the sticking and the slipping state.

state requirement
stick |Ty| > |Fsmaq| (stick to slip)
slip |lvr| > 0, |Ty| < |Fsmax| (slip to stick)
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Table 2 Main Parameter values for simulations.

fundamental frequency f 196[Hz]
string tension T 43.15[N]
string length L 0.328[m]
phase velocity c 128.6[m/s]
maximum static friction coefficient s 0.8
minimum dynamic friction coefficient  pgqmin 0.3
dumping resistance at the nut r 13[kg/s]
time step At 21.3[ps]
space step Az 2.73[mm]
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Fig.4 Tention at the bowed point. Fig.5 Displacement at the bowed point.
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Fig.6 String velocity at the bowed point and
bowing velocity.
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Fig.8 Simulation with loss at the nut.
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Fig.9 Simulation with no loss at the nut.
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Fig.11 Displacement at z = L/2.
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