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Abstract 
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 a matal tailpiece behaviour mounted on a high 
quality violoncello have been conducted. Some preliminary results are presentea and discussed. 
 

1. INTRODUCTION 
Modal analysis is a way of understanding vibrational behaviour of objects. Mode parameters 
(natural frequency, damping factor, as well as magnitude and phase angle) can be estimated and 
various graphic representations of the modes shape (how the object moves and bends) can be 
derived from the measurements. The understanding of this behaviour becomes a fundamental task 
in musical instruments making – potentially enabling a luthier to have greater control during the 
making process, sound adjustment or restoration. Even if many studies have been conducted in this 
specific field [1, 4, 5, 6, 7, 9], the influence of tailpieces on sound genesis, except few publications 
such as [8], still needs to be studied and understood. In fact to the fittings maker it is clear the role 
of the fittings in the sound of the instrument even if a scientific approach to the problem is missing. 
This work have been recently restarted by Eric Fouilhe and some preliminary results are already 
available [2, 3].  
In this background the STSM at George Stoppani’s workshop have been requested and a work on 
tailpiece behaviour have been conducted in Manchester. 
 
In a bit more detail. Such a study of tailpieces would naturally fall into two parts: 
 

1. What the tailpieces do when suspended at the ends by strings and tail cord as they would be 
on a real instrument. The geometry of this setup can be expected to be important. The 
tension of the strings and the elastic properties of the strings and tail cord and distance, 
spacing and angles of the strings between the TP and bridge can all be expected to be 
significant. This part would aim to determine the sensitivities of the system to the details of 
the suspension and to the mass, mass distribution and all the factors that would determine 
the modal properties of a ‘free free’ tailpiece. 

2. What effects can be observed or predicted with regard to how the instrument sounds, what it 
feels like to play. A large part of this would be studying the interaction between the tailpiece 
modes and those of the rest of the instrument. It is likely that this would require a parallel 
study of the neck/fingerboard substructure. 

 
All this is going to take a lot of work and the results cannot be expected to be easy to interpret.  
 
Apart from being useful for modern lutherie, it may also lead to some insights into tonal objectives 
of makers in the past since tailpieces of early baroque instruments and of the ‘classical’ period as 
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well as ‘romantic’ settings, are clearly quite different from each other and from modern designs: 
their geometry, material, weights and attachment devices are varied and imply probably different 
motions at different frequencies from modern ones. An understanding of how they have been 
progressively changed to adapt to modern fittings and playing could give a greater understanding on 
the history of bowed instruments.  
 
The method has been largely discussed and it was conceived with some thought and prior 
knowledge of tailpiece activity. Anyhow the experimental procedure can be expected to evolve in 
the light of further experience. 
 

2. MATERIAL AND METHOD 
The STSM have been held in George Stoppani’s workshop and have been conducted as follows: 

- 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. 
-  

The hits were produced by a PCB 4.8 g hammer, model 086E80, and the vibrations recorded by a 
Dytran uniaxial 0,6 g piezoelectric accelerometer model 3225E.  
 

 
Figure 1: Selected points on the tailpiece to be hit with the hammer. 

 
The tests were performed on a Violoncello metal tailpiece. The points where the measurements 
were to be taken have been carefully chosen according to dimensions and wavelengths. After 
selection, the points were marked on the tailpiece and the accelerometer was fixed on the tailpiece. 
Several measurement sets were acquired in moving the accelerometer in different positions, in order 
to highlight different direction of vibration. 37 points of the tailpiece were hammered and 20 
repetitions for each point were acquired. The accelerometer was moved at 5 different locations and 
for each position a complete set of points was acquired. The complete set of point acquired was 
used to recalculate the vertical movement of the tailpiece, and the lateral and vertical movement of 
the bridge. A reduced number of points were used to calculate the lateral movement of the tailpiece 
and the vertical and horizontal movement of the saddle. The hammering operations are shown in 
Figure 2. 
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Figure 2: (a and b) hammering operations on the cello tailpiece 
 

3. RESULTS 
In order to simulate the modes acting on the tailpiece vertically and horizontally a lateral view of 
the tailpiece were drown on Mode Shape of GS Software (see Figure 1). 
Once completed the acquisitions the data were observed with the FRF Overlay utility (see Figure 3) 
highlighting the main modes acting on the tailpiece. We made various averages of the different 
groups (for the different accelerometer locations), admittance measurements and transfer functions. 
This was a preliminary inspection of the data to see where energy passed between the bridge, tail 
saddle and tailpiece. For example we could quickly see that though the TP has a large resonance 
around 3.7 kHz the excitation via the bridge or tail saddle at that frequency is trivial. 
 

 
Figure 3: data observed by FRF Overlay utility of GS Software. 

 
Another very clear resonance peak is at 165 Hz. Concerning the 3,7 kHz frequency it is very close 
to the resonance frequency of the hammer but being so clear we can be confident about the fact that 
this peak arise from system vibrations. For both the frequencies, in the following part of this paper 
we will give more details. 
For the selected modes the with the Mode Fit utility (see Figure 4) of GS Software the FRF were 
mathematically fitted (see Figure 4). The fitted data were then saved and opened in Mode Shape in 
order to simulate the tailpiece behaviour for the single modes (see Figure 5). 
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Figure 4: 165 Hz fitting using the Mode Fit utility of GS Software. 

 
 

    
Figure 5: numerical simulation of modal vibration at 165 Hz of a Cello tailpiece. 

 
The movements of the tailpiece can thus be visualised and we can already see its motions affect the 
bridge and the tail saddle, and where the torsion is important (see Fig. 5 and 6) On this mode, the 
flexibility of the tailpiece will have probably more impact on the bridge and tail saddle, and 
modifications of geometry, mass distribution, or material could imply a displacement of this mode. 
This allows us to take directions for further experiments. 
The behaviour at 3707 Hz (see Fig.3 and 6) shows an important displacement and a strong 
sensibility in the centre of the piece, with not much influence on the body of the instrument’s 
vibration, since the bridge is not much affected laterally. 
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Figure 6: numerical simulation of modal vibration at 3707 Hz of a Cello tailpiece. 

 

4. CONCLUSIONS 
A method for understanding the vertical and lateral vibrations of a tailpiece were developed and 
discussed as well as for understanding the main longitudinal and transversal behaviour of the 
bridge. The data were collected and analysed. This first approach to the understanding of vibration 
modes of a Cello metallic tailpiece, mounted on a good quality cello in playing conditions, allows 
us to take directions for further research on the tailpiece. Some deductions can already be a help to 
sound adjustments such as the strong mode around 165 Hz occurs at about the same frequency as 
the B1+ corpus mode which is almost always the cause of wolf-notes. Adjustment of the tailpiece 
can greatly reduce the problem (Schleske 2002). Without knowledge of the mode shape we would 
probably guess that we could lower the frequency by adding mass at the string end of the TP. Since 
there is a nodal line close to the string end and the maximum displacement is at the tail cord end 
changing the mass in this area has a far greater influence on the frequency. 
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