N
N

N

HAL

open science

Geometrical, Flexural and Vibroacoustical
Characterization of Saxophone Reeds

Sashi Kiran Madugula, Fabrice Silva, Christophe Vergez, Guilherme Machado,

Aurelien Maurel-Pantel, Maxime Carron, Madeline Rosenzweig

» To cite this version:

Sashi Kiran Madugula, Fabrice Silva, Christophe Vergez, Guilherme Machado, Aurelien Maurel-
Pantel, et al.. Geometrical, Flexural and Vibroacoustical Characterization of Saxophone Reeds. JJ-

CAB 23, Jul 2023, Toulouse, France. hal-04245192

HAL Id: hal-04245192
https://hal.science/hal-04245192
Submitted on 16 Oct 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04245192
https://hal.archives-ouvertes.fr

Geometrical, Flexural and Vibroacoustical
AVOS

U Characterization of Saxophone Reeds p

; Sashi MADUGULA?  Fabrice SILVA!  Christophe VERGEZ!  Guilherme MACHADO! vl
Coriral (Arsharsaile Aurélien MAUREL-PANTEL! Maxime CARRON? Madeline ROSENZWEIG?

Marseille
I Aix Marseille Univ, CNRS, Centrale Marseille, LMA UMR 7031, Marseille, France

Introduction

Socialement engagée

2 Syos, Paris, France

Flexural Characterization

The sound production by the saxophone, a single-reed wind instrument, relies mainly on the control
of the vibration of a plate by the player's lower lip and the air blown into the instrument. This
vibrating plate is securely attached to the mouthpiece and is known as a reed. In this study, we have
investigated eight different reeds, including both (natural) cane reeds and reeds made of synthetic
materials, compared their design, material and vibroacoustic properties. The long-term aim of this
study is to facilitate the fabrication of reeds aiming to aide musicians in customizing their reeds

The so-called strength of the reed is the primary criterion used by the musicians to choose reeds.
In mechanical terms, it essentially relates to the bending stiffness determined by both the materials
and the design. An experimental setup is proposed to evaluate the bending stiffness. Stocks of the
reeds were attached to the bending test machine and point load applied at 10mm from the tip of the
reed. Loading force and relative displacement of the loading point were measured using a load cell
and image processing (tracking of an Aruco mark), respectively (see Fig. 4.A).

aligning with their specific needs.
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Vibroacoustic testing (Polytec PSV:400 Scanning Head Vibrometer) of the reeds is performed by
acoustically driving the reed mounted on a Syos mouthpiece and measuring the resulting vibrations.
No prestress is applied, i.e., there is no artificial lip on the reed. A band-limited noise signal is applied
and transfer functions between the mouthpiece pressure (from GRAS 40SA probe microphone) and

Figure 1. A) Reed anatomy B) Mouthpiece with reed C) Saxophone

Hence, for the purpose of our study, eight different reeds were taken into consideration as illustrated
in Fig 2. Their respective brands, commercial strengths and measured masses are provided in
Table 1. Among these only Rigotti reed are naturally made from ADL.

il

the reed velocity (see Fig. 5).
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Figure 2. Basic comparison of selected reeds
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Reed-making company employs its own unique system for differentiating reeds, often using alphabets
such as M, H, MH (M: Medium, MH: Medium Hard, H: Hard), or numerical designations like 1,
2, 2.5, 3, and so on. These codes in Table 1 essentially indicate the Stiffness of the reeds during
playability.

Figure 5. Vibroacoustic Test
Modal analysis on VENN reed (Algorithm of Mode Isolation, Matt Allen [1]) is then performed

on the the Frequency Response Functions (FRF) to evaluate modal frequencies, damping factor and

shapes (depicted in Fig. 6 and Table 3).
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Microtomography, specifically micro-CT scanning, was employed to perform design analysis on all
reeds (see Fig 3.A), i.e., to extract x, y and z coordinate points from the scanned images using a
custom image processing Python routine. A smooth surface is achieved by fitting the measured data
points with splines. Each reed was divided into 11 segments (splines) along the Z-Y plane.
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These splines were then used to construct a surface model using Catia V6. This process facilitated able 3. Natural frequencies and their damping factor

the creation of a comprehensive and accurate volumetric representation of the reed. The same
methodology was applied to the remaining reeds, and their mid-line spline were plotted in Fig 3.B

. nclusions and Per v
providing a clear visualization of their distinct forms. Conclusions and Perspective

Micro-CT was instrumental in extracting the shape of the reeds
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