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ABSTRACT

Our work focuses on the construction of the Green’s function for structures radiating in situ. This
function has to behave as a transfer function between the structure vibratory behavior and the sound
field. The Green’s functions, well-known in literature, depend mainly on the geometric shape of the
vibrating surface and the surrounding acoustic field. For an arbitrarily shaped structure in ordinary
room, the difficulty of predicting noise lies in expressing the Green’s function. We propose an approach
based on the numerical construction of this transfer function from vibroacoustic data which are acoustic
pressure and normal vibratory velocity measurements defining the structure in situ. Some investigations
are carried out in order to check whether the built function allows the radiated sound field to be predicted
for a new vibratory behavior measured on the structure located on its site.

1 - INTRODUCTION

Prediction of sound radiation from irregularly shaped structures in ordinary rooms has been treated in
the literature with various aims and models (see for example [1-3]). The objective of our work is to
provide a tool that will allow from experimental vibratory data, the prediction of sound radiation from
a complicated shape structure in its real environment. In this acoustic radiation problem, the difficulty
lies in expressing analytically the Green’s function which essentially depends on both the geometric
shape of the structure and the nature of the surrounding sound field. The proposed approach consists
in the numerical construction of this vibroacoustic transfer function from acoustic pressure and normal
vibratory velocity measurements in terms of modulus and phase. This transfer function must permit the
radiated sound field to be predicted for any new vibratory behavior measured on the structure located
on its site. In this paper, we present some investigations concerning the ability of the built function to
act as a transfer function when the vibratory behavior has been changed after the construction of the
vibroacoustic transfer function. Some confrontations between calculations and measurements in terms of
sound pressure and sound power levels illustrate these investigations in the case of a three-dimensional
structure radiating in an ordinary room.

2 - MODEL

The model and the numerical statement of the proposed approach, dealing with the numerical con-
struction of the Green’s function for a structure radiating on its site, have been presented in detail in
reference [4]. In this paper, the main stages are recalled. The radiating structure is located in a bounded
acoustic medium V,. For steady-state harmonic waves and with the time dependence ¢/ omitted, the
acoustic pressure P(M) is given at any point M of V, by the Helmholtz integral representation [5]. For
the sound radiation of an arbitrarily shaped structure in ordinary room, solving the problem presents
different difficulties: (i) the obtention of the vibratory data all over the site boundaries %, (ii) the surface
pressure computation on ¥ and on the structure surface S, and finally (iii) the expression of the finite
space Green’s function G for this radiation problem. It is thus necessary to introduce some simplifying
hypotheses:
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e the acoustic contribution due to the surface ¥ is negligible compared with the one due to the
vibrating surface S when the receiver point M is close to the radiating structure. This assumption
limits sound radiation prediction in the vicinity of the structure.

e the Green’s function verifies the following condition on S:
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with np, the outward normal to the structure surface S at the point source My.
Then, the acoustic pressure can be approximated by:

P (M)~ / /S jwpvn (Mo) G (M, Mo) dSasy, M € Vi, My € S @)

However this last equation is not sufficient in order to determine the Green’s function G(M,M,) for
every couple of points (M,M). Therefore, the following fictitious problem is considered: let us imagine
a surface S’, identical to S and with the same vibratory discretization, and radiating in free field the
same acoustic pressure as the one radiated from S in its environment. A density function, denoted by p,
is assigned to each point source Mg, so that the sound field is the same as the one measured on the site
all around the vibrating surface S. This radiation problem can be described by the following formulation:

P(M)Z///MM(Mo)g(M,Mo)dS%, MeV, MyeS' (3)

with g (M, My) = e~7*" /4rr the free-space Green’s function. The density function is determined by
solving an inverse vibroacoustic problem. This function calculated from the acoustic pressure measured
close to the structure on its site will take into account the contribution of the sound radiation from the
structure and the contribution of the site reaction on this latter.

As the sound field around S and S’are the same, the identification of Eqs (1) and (2) leads to:

/ / jwpvn (Mo) G (M, My) dSay, ~ / / par (Mo) g (M, Mo) dSy, (4)
s ,

This last relation constitutes the basic model of the proposed approach, it leads to the resolution of a
minimization problem and allows the vibroacoustic transfer function G to be numerically constructed.
Practically, one needs a vibratory mesh undertaken on the vibratory structure surface S and an acoustic
mesh carried out close to the radiating surface S.

After the construction of G, the sound radiation prediction can thus be worked out by means of Eq. (2)
for a new vibratory behavior of the structure. This prediction can be done locally by computing the
sound pressure level at one or different receiver points M, and globally by calculating the sound power
level. This latter is calculated from the acoustic power:

- - 1
W= 7{ T7dS. with ['= _Re {Pl'} (5)
Se

where I is the active acoustic intensity vector computed at different receiver points M distributed on a
closed control surface S, 7 the outward unit vector, normal to the surface S. at M, and finally «* the
complex acoustic velocity vector conjugate. The principle of the acoustic velocity vector calculation is
identical to the one used by a p-p intensity probe for measurements [6].

Our approach has been numerically validated in the case of different analytical well-known vibroacoustic
structures of one-dimensional, two-dimensional and three-dimensional types such as lineic monopoles
distributions, baffled plate and vibrating sphere (Cf. [4], [7]).

3 - EXPERIMENTAL VALIDATIONS

Some confrontations of computations with measurements have been carried out for a three-dimensional
structure located in a non-anechoic room. The structure is an electric motor cover in glass fiber and of
dimensions 0.5m length by 0.32m width by 0.2 m height. For this experiment, the structure is randomly
excited from inside by a point mechanical force. Different vibratory meshes have been undertaken on the
structure surface, a vibratory mesh of 48 points allows the convergence of the sound pressure computation
up to 1600 Hz. Some acoustic pressure have been measured at 201 points located close to the radiating
structure and distributed on two fictitious parallelepiped surfaces S; and S9 encircling the cover and
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respectively at 0.05m and 0.15m from the structure surface. The vibroacoustic transfer function is
computed by using the vibratory mesh of 48 normal vibratory velocities and the acoustic mesh of 201
pressures in terms of modulus and phase. The comparisons between measured and calculated sound
pressure levels carried out at any receiver point M located inside the area delimited by the two fictitious
surfaces §1 and Ss are in good agreement.

Then the vibratory behavior has been changed by modifying the excitation level. The Green’s function,
previously constructed, acts as a transfer function since it allows the sound pressure level (figure 1) and
the sound power level (figure 2) to be predicted with a good agreement for a new vibratory behavior of
the cover.
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Figure 1: Sound pressure level radiated by the cover at a point M located in the area delimited by
the two fictitious parallelepiped surfaces S; and S9 encircling the cover; the computation is carried out
after modification of the excitation level.
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Figure 2: Sound power level radiated by the cover; the computation is undertaken after modification
of the excitation level; the closed control surface S, is a parallelepiped one between the two fictitious
surfaces S7 and Ss.

4 - CONCLUSIONS

The prediction of acoustic radiation from complicated shape structures in their real surroundings is then
possible to be worked out from normal vibratory velocities data only and from the numerical construction
of an appropriate Green’s function. Numerical confrontations in the case of the vibrating sphere sound
radiation [7] have shown the ability of the built Green’s function to allow the sound radiation to be
computed from vibratory data only, in case of multipoles contributions. The presented investigations,
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carried out for a real three-dimensional structure in an ordinary room, show the ability of this function
to act as a transfer function since it allows sound pressure and sound power levels to be predicted for a
new vibratory behavior measured after modification of the excitation level.
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