Study of a dome shaped PVDF loudspeaker
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Introduction

PVDF loudspeakers are used for some applications in audio
[1] and could be used for applications in active control
where light structures are needed, for example in aeronautics
[2]. For all these applications, it is necessary to be able to
predict the acoustic response of such systems in order to help
the designer. Some papers propose models for calculating
the acoustic pressure radiated by these loudspeakers [3].

The paper focuses on a dome shaped PVDF loudspeaker.
The aim of the work is to study the accuracy of models
proposed in literature. First part of the study focuses on the
static behaviour of the speaker. The static deformation is
calculated using models found in literature and is compared
to this obtained by means of numerical and experimental
methods. Second part focuses on the dynamic behaviour of
the speaker. At first, analytical models found in the literature
are used for predicting the acoustic pressure radiated.
Secondly, a finite elements model is used for calculating the
acoustic pressure radiated in the near field of the speaker.
Finally, an experiment is conducted for measuring the
pressure response of the speaker

Description of the loudspeaker

The PVDF loudspeaker consists of a circular PVDF thin
film, clamped around, dome shaped by means of a static
pressure which is applied at the back. A time variable
voltage applied between the two faces of the film enables to
produce a acoustic pressure by means of the piezoelectric
effect (see Figure 1).
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Figure 1: PVDF loudspeaker principle. The dome shape is
obtained by means of a static back pressure. The radiated
acoustic pressure is produced by a time variable voltage.

Static study

Analytical models

The aim of this section is to validate analytical models
giving the static shape of the membrane as a function of the
back static pressure. Different models assuming that the
membrane shape is a paraboloid are proposed in the
literature (Abram [4], Hermida [5]). Ravaut [6] expresses the
membrane displacement as a infinite serie depending on the
adimensional radius. Using these work, it is possible to
derive a general expression of the membrane displacement
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where A is a coefficient depending on the Poisson coefficient
of the piezoelectric material v,. and on the model which is
used. R is the radius of the membrane, P, is the static
pressure, B, is the Young moudulus and hy, is the thickness
of the film.

Finite elements

In order to validate the models presented above, the static
deflection of the membrane is calculated by means of a finite
elements method (ADINA). Figure 2 presents results
obtained for analytical models and with the help of ADINA.

Membrane deflexion P = 200 mBar

Hermida's formula { Goddard Space Flight Center)
Abram’s Formula ("Perfect Film) - Ravaut Formula - FEM ADINA computation

3 [

Hermina
6 —Abrarn [ |
......... 5‘;;\ - e = ADINA,
5 \.__\ Ravaut
g4 =
£
E 3 = |

: R,
S

i} 5 10 15 20 25 30 35 40

R(mm)

Figure 2: static deflection of a PVDF membrane (radius 40
mm, thickness 25 microns) obtained by means of analytical
models (full line) and finite elements method (dotted line).
Back pressure = 200 mBar.
These results show that the simplified Ravaut model, used in
this work, enables to predict the static deflection of the
membrane with a relative error of 2%.



Experimental study

A loudspeaker prototype has been developed in order to
validate the models presented above (see Figure 3).

Figure 3: View of the PVDF loudspeaker prototype

Figure 4 shows the measured static deflection and the Abram
model result using a adjusted Young modulus for the PVDF
(2.7. GPa instead of 3.2 GPa). The error between the two
deflections is about 6 %.
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Figure 4: deflection of the centre of a PVDF membrane
(radius 40 mm, thickness 25 microns) as a function of back
static pressure. Experiment : circles, Abram model : full
line.

Dynamic study

This part of the work concerns the study of the acoustic
pressure frequency response of the loudspeaker. As for the
previous section, results deduced from existing models are
compared with results obtained with a finite elements
method and with experimental results.

Analytical model

The analytical model used in this work has been proposed by
Garner and Holden [3]. The dynamic membrane
displacement &(r) is calculated assuming that there is no
coupling between the membrane and the air :

2V3dE,,

1 Jolkn) )
K2p(1 =V pe ) Tpe

&) = vy

V; is the applied voltage between the faces of the film, d is
the piezoelectric constant (d = d3; = d3;, for bioriented film),
k is the wave number of the membrane
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where W, is the surface density of the film and T,. the
tension of the membrane. p is the curvature radius of the
dome depending on the back static pressure and J, is the

Bessel function of first kind and order zero. Using the
dynamic displacement &(r), the Rayleigh integral enables to
calculate the acoustic pressure radiated by the loudspeaker.

Results

The acoustic pressure radiated by the loudspeaker is
calculated by means of the analytical model and by means of
a finite element method (ATILA®). The pressure delivered
by the prototype is also measured. Figure 5 shows the
acoustic pressure radiated by the PVDF loudspeaker.
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Figure 5: acoustic pressure radiated by the PVDF

loudspeaker at 5 mm from the dome centre for a 10 V rms
voltage. Back pressure = 50 mBar, Film thickness = 25
microns.

Conclusion

The study of a PVDF dome shape loudspeaker shows that
analytical models can predict the static deflection of a PVDF
membrane. However, further experiments should be
conducted in order to validate these models. The dynamic
study shows that analytical models have to be improved in
order to fit the experimental and numerical results. Future
work will consist in taking into account the coupling
between the membrane and the air.
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