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Introduction

Modal analysis is a way of understanding vibrational behaviour of objects. The
understanding of this behaviour becomes a fundamental task in musical instruments
making. Even if many studies have been conducted in this specific field, the influence of
tailpieces on sound genesis still needs to be studied and understood. In this background
the STSM at George Stoppani’'s workshop have been requested and a work on tailpiece
behaviour have been conducted during our staying in Manchester. The STSM gave to the
participants the opportunity to better understand modal analysis by a theoretical point of
view, to make practice on specific cases and to make practice on GS Software, a useful
tool for modal analysis developed directly by George Stoppani.

Activity Performed
By a practical point of view the STSM have been held in George Stoppani’'s workshop and
have been conducted as follows:
- Understanding theoretical background of modal analysis
- theoretical study of the number of wavelengths that can be measured by a given
grid
- understanding of the ways the peace can be held for measurements
- modal analysis of a maple 300 mm wide 400 long mm and 5 mm thick board
- analysis of the FRF functions and simulation of the vibrational behaviour of the
board
- - simulation of the board behaviour ad given frequencies
- set up of a test in order to understand the tailpiece contribution to the sound of a
violoncello
- hammering the selected points of the cello tailpiece
- data analysis
- tailpiece simulation at given modes by Mode Shape utility of GS Software.



This huge program have been conducted under the guide of George Stoppani that has
been following us with a lot of care.

Detailed practical work presentation

In order to have a gradual approach to modal analysis our practical work have started by
analysing a 5 mm thick maple board (see Figure 1la). The board have been visually and
acoustically examined by human senses. The group decided to hold the board by a side
using an elastic band and decided to use for hammering a grid with 23 points (5 rows
presenting 4 and 5 points each alternatively) (see Figure 1b).
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Figure 1: (a) the maple board used in our first test and (b) the selected points for hammering.

The table has been re-designed by the Mode Shape of GS Software developed by George
Stoppani and the number of wavelengths able to be measured was simulated. Because
the number of wavelengths resulted too low we proceeded to increase the number of
points to 36 (6 columns and 6 rows) resulting in a better accuracy. The accelerometer was
then fixed on the plate and the suspended and we have measured impacting 20 times
each point by the hammer. The data have been acquired and analysed and the more
interesting modes were described (see Figure 2) and simulated with GS Software (see
Figure 3).

Figure 2 the 90,47 Hz mode of the Maple board.



Figure 3: the maple board behaviour simulation at 90,47 mode using GS Software

Completed the analysis on Maple board we prepared the setup for a test on a Violoncello
metallic tailpiece. The points were measuring were selected and marked on the tailpiece
as well as the accelerometer was fixed on the tailpiece. Several measure sets were
acquired moving the accelerometer in different positions in order to highlight different
direction of vibration. 37 point of the tailpiece were hammered and 20 repetitions for each
point were acquired. The accelerometer was moved three times and for each position a
complete set of points was acquired. The hammering operations are shown in Figure 4.




Figure 4: (a and b) hammering operations on a cello tailpiece

In order to simulate the modes, the bridge, a vertical and an horizontal views of the
tailpiece were drown on Mode Shape of GS Software (see Figure 5).

Figure 5: vertical and horizontal view of the tailpiece reconstructed for simulation of vibrations with GS
Software.

Once completed the acquisitions the data were observed with the FRF Overlay utility (see
Figure 6) and Fitted by mathematical function by the Mode Fit utility (see Figure 7) of GS
Software.




Figure 6: data observed by FRF Overlay utility of GS Software.

Figure 7: 165,19 Hz fitting using the Mode Fit utility of GS Software.

Finally the tailpiece behaviour was simulated by using Mode shape utility of GS Software
(See Figure 8).



Figure 8: numerical simulation of modal vibration at 165,19 Hz of a Cello tailpiece.

Conclusions

Basics of modal analysis were understood and discussed. The theoretical part have been
supported by a large practical experimentation determining the main vibrational modes of
a Maple board and of a Cello metallic tailpiece operating directly on the software. The goal
of allowing the trainees to perform basic modal analysis in simple cases by themselves
was reached.



