96 215 International Conference ENGINEERING MECHANICS 2015 i11
Svratka, Czech Republic, May 11 —14, 2015
Paper #198, pp. 96-97 201

9

Aero-Acoustic and Vibration Characteristics of Self-Oscillating
Artificial Vocal Folds

Jaromir Horagek'?*, Vitézslav Bula™®, Vojtéch Radolf',
Tomas Vampola®?, Miroslava Dugkova®*®

"Institute of Thermomechanics, ASCR, Dolejskova 5, 18200 Prague, Czech Republic

’Department of Mechanics, Biomechanics and Mechatronics, Faculty of Mechanical Engineering,
Czech Technical University, Technicka 4, 16607, Prague; Czech Republic

*|nstitute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic,
Heyrovského nam. 1888/2, 16206 Prague, Czech Republic

jaromirh@it.cas.cz, "bula@it.cas.cz, ‘radolf@it.cas.cz, “Tomas.Vampola@fs.cvut.cz,
°m.duskova@imc.cas.cz

Keywords: fluid-structure interaction; flutter; biomechanics of voice; modeling of phonation.

Abstract: The study presents in vitro measurements of phonation characteristics performed on
developed 1:1 scaled replica of human vocal folds. The measured aerodynamic, vibration and
acoustic characteristics are in good agreement with the values found in humans.

Introduction

Voice production is a complex physical process, which involves airflow coming from the lungs,
self-oscillating vocal folds and acoustics of the resonance cavities of the human vocal tract. The
vocal folds, excited by the airflow, generate a primary sound which propagates in the airways of the
vocal tract modifying its spectrum and producing the final acoustic signal radiated from the mouth.
Understanding basic principles of voice production is important for detection of laryngeal
pathologies and treatment of laryngeal disorders. The physical models of voice production are
important tools for experimental verification of developed theoretical models of phonation and in
the development of the vocal folds prosthesis [1].

Method

The vocal folds made of silicon rubber were excited by airflow with synchronous measurement of
the flow-induced vocal fold vibrations using laser vibrometer, two high speed cameras, the
subglottic dynamic and mean air pressures and the radiated sound. A general scheme of the
measurement set up and the used experimental techniques were described in detail in [2]. The
airflow coming from the model of trachea was increased step by step from the phonation onset up to
the airflow rate and subglottic pressure, which are in the range of physiologically relevant values for
a normal human voice production.

Results and summary

The vocal folds model created by a silicon cover filled by a liquid phonated in the interval of the
airflow rate Q=0.08-0.6 /s and subglottic pressure P, =0.28-1.7kPa having realistic
maximum vibration amplitudes, so-called glottis opening MaxGO = 0 — 2.6 mm. Corresponding to a
bass voice, the fundamental frequency increased with the flow rate from 80 Hz at the phonation
onset up to F, =103 Hz while the peak sound level of the generated acoustic signal at the distance

20 cm from the vocal folds increased from 62 dBup to L, =90 dB.
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Fig. 1: Measured and evaluated signals for the vibrating vocal folds model for the flow rate
0=0.15 1/s, mean tracheal subglottic pressure Py,n,=0.67 kPa and F;=86 Hz.

Fig. 1 shows the example of the measured signals during phonation. The peaks of the
microphone signal (Py,c) correlates with the peaks of the vocal folds surface velocity in the vertical
direction (Vyf) as well as with the subglottic pressure measured just before the glottis entrance
(Psub3), which is delayed after the subglottic pressure measured in the trachea (Pgu2). The signals of
the glottis opening (GO) show that the closed time of the glottis, i. e. when GO=0 for the glottis
motion in the horizontal direction (full line), is nearly 0.4 of the vibration period, and that the
maximum displacement of the glottis in the vertical direction (dashed line) is slightly phase shifted
and corresponds to zero of the vocal folds velocity (Vy+=0). The negative maximum of the velocity
(V= -0.35 m/s) is just before the glottis closer where the minimum of the subglottic pressure Pgy3
exists.

In summary, the results show that the maximum energy from the airflow is transferred to the
acoustic energy during the opening phase of the glottis where are the maxima of the subglottic
pressure Pgy3, the vertical vocal folds velocity Vyrand the peak sound level L, of the sound (Pic).
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