Measurements of radiation efficiency and internal mechanical loss applied to violins
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Internal mechanical losses were determined by measuring the normalized radiated power and the real part of the mobility at the bridge. Radiated power was determined by measuring the far-field sound pressure in an anechoic room at a spherical surface with a radius of 1.05 m and an angular resolution of 22.5 degrees. The total power transferred to the violin at the bridge is determined as the real part of the input mobility, Re[Y]. The two violins tested had radiation efficiencies that varied with frequency and had an average of 1.54 % and 1.24 % in the frequency range 200-3000 Hz.

Introduction

The main goal of this study was to test a method for accurate measurement of internal mechanical loss and radiation efficiency of violins. The method described can be applied to different types of acoustical sources and e.g. plates as well. In order to obtain the mechanical loss, two types of measurements were performed: 1) Measurement of the radiated power normalized with respect to the force, Power_rad, norm 2) Measurement of the input mobility. The real part of the input mobility, Re[Y], gives the total normalized power transferred to the violin, which is the sum of the radiated power and the mechanical loss. This gives the radiation efficiency, :

 = Power_rad,norm / Re[Y]

In this study, two violins were measured, a new unconventional model built by Hagetrø Fioliner® and an old top-quality Stradivari copy built by J. P. Thibout in Paris 1843. 
ExcitatIon and mounting

The mounting method will affect the acoustic properties of the violin. Here, the violin was held with pieces of rubber at the bottom part of the body and the upper part at the neck. A custom-made force transducer used a 60 mg magnet, attached with wax at the G-string side of the bridge, and a small coil positioned near the magnet. Pseudo-random noise (MLS) was used as excitation signal, using the software WinMLS® and the force was directed parallel to the top-plate. The force transducer was calibrated and can be used up to 8 kHz. Alternative methods of excitation would be using a hammer, but that would give a decreased signal-to-noise ratio for the acoustic measurements, and an electrodynamic shaker would add more weight to the violin bridge than the small magnet that was used. To make the conditions equal, the violins were mounted and excited exactly the same way in the measurements described in the two chapters below.

radiated power Measurement

The normalized radiated power was found measuring the far-field sound pressure in an anechoic room using two microphones to scan a sphere with a radius of 1.05 m and an angular resolution of 22.5 degrees. The relatively small radius may introduce an error in the far field approximation (at low frequencies). However, previous measurements indicate that the radius and the angular resolution are sufficient in the frequency range 200 Hz to 10 kHz [1].

Input power measurement

The power transferred to the violin at the bridge was found as the real part of the input mobility, Re[Y], by measuring the velocity in the same plane as the excitation at the bridge using a laser vibrometer. The laser beam can be pointed through the coil at the magnet and thus the force and the velocity can be measured in exactly the same point, which in principle should be the optimum measurement point. Here, however the velocity was measured at the opposite side of the bridge since measuring through the coil gave less stable results (this will be investigated further). Measuring the mobility of the violin bridge this way is common [2]. This method does not depend on an anechoic room, and it can be fast, simple and inexpensive. A laser vibrometer is preferred to an accelerometer for measuring the velocity because it adds no weight to the bridge.

Results

Fig. 1 shows the results for the Thibout violin. It has a wolf tone at C (525.6 Hz). The peak of Re[Y] was found exactly at this frequency, which shows that it is possible to accurately measure wolf tones using this setup. At this frequency, the mobility of the bridge is large, the bridge simply moves so much that it is impossible for the string to maintain a standing wave. 
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Figure 1. The curves show, from the top, the total normalized power (Re[Y]), the normalized radiated power, and the radiation efficiency  (dotted line) for the Thibout violin.

Fig. 2 shows the results for the Hagetrø violin. The average radiation efficiency in the frequency range 200-3000 Hz was computed to 1.24 % for the Thibout violin and 1.54 % for the Hagetrø violin. The maximum value was ~5 % (-26 dB) and was found in the frequency range 1.2-1.3 Hz for both violins. From the figures we see that the radiation efficiency depends largely on frequency, but does not show an increasing or decreasing trend. The repeatability of the measurements was good.
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Figure 2. The curves show, from the top, the total normalized power (Re[Y]), the normalized radiated power, and the radiation efficiency (dotted line) for the Hagetrø violin.

conclusion

A method for the accurate measurement of the radiation and the losses in a violin has been presented. The method can be fast (~15 minutes per violin if a 8-channel system is used). The results will tell which modes are efficient radiators. Further work will include a study of the relationship with the modal shape and the radiation efficiency. For the two violins measured the radiation efficiency in the frequency range 200-3000 Hz was measured to be 1.54 and 1.24 %, having peak values at ~5 %. Since the radiation efficiency is small and depends largely on frequency, measurement of the mobility at the bridge will not indicate all factors affecting the quality of a violin.

Acknowledgments

The author wishes to thank the professors A. Krokstad, U. P. Svensson and E. V. Jansson for their suggestions, violinist A. Larsen and Hagetrø Fioliner® for supplying violins and engineer Ø. Lervik for help with the measurement setup.

References

1.
Morset, L. H., 137th ASA paper 3AMU-12, Berlin, 1999.

2.
Jansson, E. V., Acoustica-acta acoustica, 83, pp. 337-341 (1997).













