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INTRODUCTION

The mechanical engineering department of INSA-Lyon (Génie Mécanique GM) has been created in 2016 after the merger of two old departments (Génie Mécanique Conception and Génie Mécanique Développement). On this occasion, the educational provision was deeply reviewed and updated. Teachers together with department pedagogical direction were invited to think and create new teachings and projects that will insist in the interaction between scientific domains and skills. To this end, a new scientific and technical project in the first year of the mechanical engineering program (L3 in LMD system or Bachelor degree) called "Projet Scientifique et Technique, GM-3-PST" has been built. PST consists on a scientific and technical project, in pairs, of around 40 hours on classroom plus an equivalent time duration of personal work at home; it is supervised by a pair of teachers. The idea is to insist on the abilities of thinking, analysing, well-defining, and resolving a given scientific problem.

The PST subject depends very much on the professors in charge of a group, depending on their personal background and/or researcher profile. A not exhaustive list of subject examples proposed in the past years at INSA could be: numerical simulations of dexterity games (billiard, bowling, boules...), modelling of a Jacquard textile (lace) machine, material choice for a given engineering problem, design and production of golf ball launcher, development of a moon landing mission... In our group we see musical acoustics as a perfect theme for multidisciplinary approaches, that offers a good variability of projects from year to year, and also a good way to give motivation to our students. Moreover it allows to find projects that fit their background at this time of their education (L3, Bachelor). In fact during the first year of "Génie Mécanique" they follow several classes: linear mechanics of continuous media (solid mechanics, vibrations, acoustics, fluid mechanics, thermal mechanics, etc.), signal processing (Fourier transform...) and computational methods (finite elements, programming languages as matlab, python, etc.). Musical instruments are a really good field to apply this knowledge.

PROPOSED TEACHING APPROACH

2.1 How to formulate a musical acoustics problematic and a scenario to answer to it?

In the group we are in charge of, we propose each year to six pairs of students to work on musical acoustics projects. The general frame given to the students is: pick an instrument of their choosing, and build questions that could be answered with the help of experimental, numerical or theoretical work. The first sessions at the beginning of the project are dedicated to the definition of scientific problems and objectives, and to the clear exposure of a scenario to answer to them. Each year the six students duo lead to six different projects. A small budget is dedicated to students for specific purchases if needed, but we also encourage them to use experimental setups in our labs, and to make an optimal use of personal sensors hidden in smartphones.

The first reactions of students, when they are asked to build "musical acoustics scientific problematic", can be very different depending on their musical education or curiosity. Most of them usually don't have any idea of the physics behind musical instruments (even if they currently take a class on it). However, after one or two working session of two hours, all students are enthusiastic on a given instrument found in their environment (family/friends), and start to imagine experimental measurements or numerical simulations. Obviously they need small help from us to simplify the problematic they chose and to fit into the project time and their abilities. But this project is a good opportunity for them to build the problematic on their own: that's why we insist regularly on making them verbalise. Clarification of the problem can last until the 5th or 6th session of two hours but greatly benefit them (in overall, there are twelve session of "work" on the project plus four last hours of oral presentation).

Few tips are also given to students in the beginning. It can be an initial help for the definition of the problematic, doing for example a focus on how are made energetic transfers in a given instruments, but also some first references to initiate their bibliographical work. To give an idea here, the main document we advise as an entry for the "science and music" field is the book of Antoine Chaigne and Jean Kergomard "Acoustics of musical instruments" [START_REF] Chaigne | Acoustics of Musical Instruments[END_REF], also available in french [START_REF] Chaigne | Acoustique des Instruments de Musique[END_REF]. A second entry is a nice website developed at UNSW by the team of Joe Wolfe [START_REF] Wolfe | Music Acoustics[END_REF] with well-made animation/sounds/video explaining easily and simply some complicated mechanical phenomena but always remaining scientifically very precise and accurate. Physical classifications of instruments through typical mind mapping tools such as [START_REF] Barraud | Les quatre familles d'instruments[END_REF] are also nice way for students at the beginning of the project to understand and separate (in terms of mechanics involved behind) the different musical instrument families.

How to present results of a musical acoustics project in a scientific report and an oral presentation

PST project is also a good opportunity to focus on the writing of technical reports. Students assessment includes a part on general layout, quality of figures and charts. A template (TeX and .doc) quite similar to the one used here (double column) is provided, following the model of scientific journals, and full size of manuscript if limited to 5 pages in order to make them focus on main results. The projects ends with a final oral presentation of 10 minutes (plus 5 minutes of questions), here again quite similar to a conference format. The overall assessment of the students for the whole PST project work is divided in three equally weighted marks: team working during the project, technical report, and final oral presentation.

EXAMPLES OF STUDIES

Examples of studies and results of recent projects are given here below. We will develop and go deeper into details of these studies during the oral presentation.

String instruments

The figure 1 taken from [START_REF] Paradis | Étude de l'influence du jeu d'un musicien sur le son produit par une corde de guitare. 3[END_REF] shows an example of numerical video analysis tool (Latis-Pro) students used to visualise and follow the movement of the plectrum (or the finger/nail...) during the string excitation of a classical guitar. The purpose of the study was precisely to measure and un-Figure 1: Video analysis of a guitar string excitation with a plectrum, from [START_REF] Paradis | Étude de l'influence du jeu d'un musicien sur le son produit par une corde de guitare. 3[END_REF]. derstand the differences in terms of produced sound and subjective perceptions when a plectrum is used or not for classical guitar.

Another selected study of string instrument concerned the influence of the soundhole on the vibroacoustical response of a classical guitar. In the figure 2 taken from [START_REF] Louineau | Transfert d'énergie au sein d'une guitare acoustique. 3[END_REF], students measured experimentally the radiated sound of a guitar before and after having closed the soundhole with cardboard showing nicely the strong influence of the Helmholtz resonance for the low frequency domain loudness of the instrument.

Percussion instruments

Some students chose to dimension and design musical instruments; the study presented figure 3 done on metallophones bars is a perfect example [START_REF] Carrillo | Lames de xylophone. 3GM-PST technical report[END_REF]. Shape optimisation of Figure 3: Optimised shape of metallophone bars for given modal resonance series, from [START_REF] Carrillo | Lames de xylophone. 3GM-PST technical report[END_REF]. metallic bars for given (arbitrary) modal resonance series after numerical calculations (Newton-Raphson method) is presented. The bars were designed in aluminum using waterjet cutter following the different optimised shapes, and then measured (first flexural modes of the beam) using a hammer and a microphone to compare with predictions.

The physics of other percussion instruments were also studied during the PST projects. A group was for example interested to model and measure the vibroacoustic transfer function of a Cajon [START_REF] Ceroni | Transfert d'énergie au sein du cajon. 3[END_REF]. In figure 4 one can see a ca- Students came with their own material (computer using Audacity software for recording, a soundcard, and two microphones) and measured the transfer function between the microphone of "reference" near the loudspeaker and the second microphone at the rear of the cajon.

Keyboard instruments

Kinematic modeling of a grand piano key action mechanism with Adams software is presented on figure 5, from [START_REF] Dave | Étude et modélisation des mécanismes actuels des pianos. 3[END_REF]. One note that the softwares used by students are not imposed at all. We made the choice to give the liberty [START_REF] Dave | Étude et modélisation des mécanismes actuels des pianos. 3[END_REF]. First photo from the PhD of José Lozada [START_REF] Lozada | Modélisation, contrôle haptique et nouvelles réalisations de claviers musicaux[END_REF].

to students to use tools and softwares they want, for which they are formed and feel at ease.

Woodwind instruments

Spectral comparisons (spectrogram) of clarinet sound are presented in fig 6, from [START_REF] Coppin | Influence des paramètres de bec et d'anche sur la création du son dans une clarinette. 3[END_REF]. This PST group wanted to study experimentally and analytically the influence of playing parameters on the sound of a clarinet. Here the influence of the level of excitation on the sound tone (spectral enrichment) is experimentally shown.

Other studies concerned more uncommon musical instrument. Ansys numerical study of airflow propagations in a simplified Ocarina is given on fig 7 from [START_REF] Demont | Quels principes physiques sont à l'origine du son produit par l'ocarina et quels paramètres structurels influent sur sa sonorité ? 3GM-PST technical report[END_REF]. During this PST project, students investigated numerically the relation between airflow amplitude and resonant frequency of the equivalent Helmholtz resonator.

A last example concerns here again the Helmholtz resonator phenomenon. The figure 8 is a typical slide of the final defence of a PST group summarising the experimental protocol chosen by students: here registering 96 radiated sound signal sample for different empty bottles of different geometries and for different playing parameters (level of airflow, angle...) [START_REF] Boudailliez | Étude du son produit par une bouteille de bière. 3[END_REF]. cal instrument covers the whole physics and the number of scientific questions that can be formalised are endless. Such teaching is a nice opportunity to interest students and develop their curiosity on musical acoustics aspects. The proposed teaching approach is explained in this proceeding and some examples of past studies are mentioned; more details and results will be shown during the oral presentation.

Figure 2 :

 2 Figure 2: Transfer function of a typical classical guitar (radiated sound amplitude) from [6]. Blue curve: guitar with an open soundhole. Red curve: guitar with a closed soundhole.
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 4 Figure 4: Transfer function measurement of a Cajon, from [8].

Figure 5 :

 5 Figure 5: Numerical kinematic model of a grand piano mechanism, from [9]. First photo from the PhD of José Lozada [10].

Figure 6 :

 6 Figure 6: Spectral comparison of clarinet sound recorded for three different level of excitation, from[START_REF] Coppin | Influence des paramètres de bec et d'anche sur la création du son dans une clarinette. 3[END_REF] 
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 7 Figure 7: Numerical study of air propagation in a simplified Ocarina, from [12].

  This short communication gives an overview of the scientific and technical projects of the GM department of INSA Lyon, during which musical acoustics subjects are proposed to group of students. The mechanics of musi-
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 8 Figure 8: Example of a final defence slide (in french) of a PST project (study of the Helmholtz resonance of an empty bottle), from [13].
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