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ABSTRACT

This paper studies two concepts used in Satistical Energy Analysis (SEA): the diffuse fidld and
the energy equipartition. To study the equival ence between these concepts the example of a smply
supported plate is taken. First, the degree of diffuseness of the field is quantified by a smple
criterion. Then, extracting information from an analytical model, the standard deviation of modal
energies is evaluated. Two maps are drawn on the frequency-damping plane in both cases. These

maps allow correlating concepts of diffuse field and energy equipartition and validity diagrams
defined by Le Bot.
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1 INTRODUCTION

Using the statistical energy analysis (SEA) metimiduced by Lyon and DeJong [1] requires
some specific assumptions which limit its rang@blication. These fundamental requirements
have been clearly highlighted in the literaturerrBughs [2] summarised them: broadband
excitation, conservative coupling, light dampingddactor, equipartition of energy, large number
of modes and light coupling. Many authors have istidhese hypotheses individually and
proposed solutions to enhance the validity of SE#&. example Goyder [3] on power flow,
Wohle [4] on coupling.

The concept of diffuse field comes out with itsussptions even if it is not clearly mentioned.
Indeed, broadband power flow and high modal ovesiaggest diffuseness. Defining from a raw
acoustical point of view, an ideal diffuse soureldiis homogeneous and isotropic or, in other
words, it is assumed that independent sound ofl esjtength arrives at a receptor from all
directions. In the literature, Langley [5] presesgveral approaches when talking about diffuse
field, the wave approach and the modal approathudt can lead to different types of definitions.
As an example, Fahy [6] employs one using the greegsity: “the average energy density is the
same throughout the volume of the enclosure”. Tmepuitation of a diffuse field criterion in the
next section is based on this latter definition.

Equipartition of the energy is another assumptisaduin SEA. Lesueur [7] proposed a clear
definition in his chapter dedicated to SEA. Eadbsystem has a finite number of modes and the
coherent effect between them is ignored. In addigach mode of subsystem A is coupled with
all of the modes of subsystem B. Callingas& and <k > the average energies of the mode i in
subsystem A and mode k in subsystem Bakd E the global energies of subsystem A and B;
Na and N; the number of modes in each subsystem, energypatjtion assumption can be
written as

<EA,i>:E;< EB,|<>:E (1)

A Ns

In the study, for each frequency band and withrging damping coefficient, the modal energies
are computed in order to analyse the energy disinib over all of the modes.

Alongside, recently A. Le Bot [8] proposed validijagrams which leaned on some specific
parameters: the number of modes, the modal oveflépe subsystem, the attenuation factor of
wave per meter and the coupling strength. It psrtaihave an idea of how well the SEA method
could be applied to a system. In this paper, aet@ion is made between the validity diagrams
and the assumptions of diffuse field and energypeagtition for a simply supported plate.
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2 DEFINING A CRITERION

2.1 Diffusefidd criterion

The example of a simply supported plate excited lgndom point force F(t). The power spectral
density (PSD) of such a force is equal to the PSB white noiseS) confined to a specified
frequency bandw;. The energy expectatiaf(x,y, wi) of a receptoR(x,y) for a frequency band
wi, is given by

_ 12 o M0
W(X, Y, @) = m< U2 >—§ALaﬂ|Hrs|2(w)dw )

Whereu is the deflexionm the specific basis weight ardls the frequency response function
(FRF) calculated between the excitation sost@ed a receivar.

The definition of the criterion is based on therggeexpectation distribution. For that, several
energy receptors are placed on the plate. Forfezgrency band, a comparison is done between
the values of all receivers.

The criterion is defined as the standard deviatmmalized by the average,

W2 - W2
hiiffuse = M 3
W

Where S is the surface of the plate, the averatgfised by f = _[ f (x, y)dxdy.
S

When the criterion tends to zero, the field camdesidered perfectly diffused. All of the energy
densities are equal over the plate.

2.2 Energy equipartition criterion

A similar method is used to define the energy eajtiipon criterion. The deflexion(x,y,t) at a
receiverR(x,y) at a specific timeéis given by

u(x,y,t) = > Adt)gk(x, y)

. . 4
E(t) =m[uedxdy ~=E=Y m<A¢> o E=m<Az> “)
k

Where A is the modal energy angk the eigenfunction of mode k. The criterion is defl as
follow

v E2-Ex?

Ex

Oequi = (5)
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3 RESULTS

For the numerical simulation, several parameterst tmei fixed (number of modes, frequency step
and number of receptors for spatial discretizatidf)r that, a preliminary study on the
convergence of these parameters is done. Themaps presenting the criterion of the diffuse
field versus the validity diagrams of SEA and tbeputation of modal energies are showed.

On one hand, the validity domain of SEA defineddy e Bot and the mapping of the criterion
fit well. On the other hand, a strong correlati@tveen the two maps is done. Some conclusions
on the SEA assumptions finally closed the presentat
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