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ABSTRACT

An inverse energy method for the identification of the structural force in high frequency ranges from

radiated noise measurements is presented in this paper.

The radiation of acoustic energy of the structure

coupled to an acoustic cavity is treated using an energetic method called the simplified energy method.
The main novelty of this paper consists in using the same energy method to solve inverse structural prob-

lem.

It consists of localization and quantification of the vibration source through the knowledge of

acoustic energy density. Numerical test cases with different measurement points are used for validation

purpose.

The numerical results show that the proposed method has an excellent performance in detect-

ing the structural force with a few acoustical measurements.

Keywords:

1. INTRODUCTION

The identification of excitation sources from operating
measurement is a recent interesting scientific domain
which has been treated by several researchers. In the
structural or civil engineering, structures modeled with
plate have important applications. Indeed, the dynamic
behavior of plate coupled with a fluid has been investi-
gated in many studies [1-4]. Thus, the localization and
estimation of structural force is essential.

The identification of mechanical and acoustic sources
exciting structures and cavities by direct estimation based
on the measurement of some accessible quantities such as
accelerations, velocities, displacements and acoustic pres-
sure is extremely difficult. For this reason, an indirect
sources measurement method to estimate the excitation
sources is often employed to solve the problem.

Many researches have been used in the past decades,
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in order to identify the vibration load applied in the
structures through a direct measurement data in the low
frequency ranges. Among these approaches, the force
analysis technique (FAT), also known as the RIFF tech-
nique, which was introduced years ago by Pezerat et al.
[5, 6]. It was developed to identify the mechanical
force applied to a structure through the knowledge of the
displacement field measurement. Several studies have
been developed with the FAT method so as to detect the
force [7], moment for simple structures such as beam [7],
plates [8] and shells [9], where the motion equation is
analytically known.

Other methods are also used to provide an accurate
result, such as the near field acoustic holography (NHA).
This method was first used by Maynard ef al. [10, 11] to
identify the input sources. The idea consists in defining
the acoustic source through the measurement of sound
pressure field on a hologram surrounding the source.
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Recently, a hybridization between the FAT and NHA
methods has been used to identify vibration sources from
radiated noise measurements [12].  Other inverse
method, so called finite difference schemes, has been
used recently by Djamaa et al. [13] to localize the sound
source using the measured dynamic response of a cylin-
der. The inverse FEM and BEM were also used by
authors to estimate the vibration sources in the low
frequency ranges [14-17]. However, these techniques
require finer meshes and the calculations are too heavy
when the frequency increases, precisely at high frequen-
Ccy range.

It should be noticed that the most of the proposed in-
vestigations in the literature were limited on the low fre-
quency band, which is characterized by a week model
overlap and a dominant resonant behavior. Generally,
in the high frequency band, the uses of these kinds of
inverse techniques can be time consuming and require
very high calculation costs. To solve the limitation of
these methods, energy methods are often used. They
provide an efficient tool for the evaluation of averages
energy in a high frequency range. Among these ap-
proaches, the statical energy analysis (SEA) [18] which
consists in subdividing the system into connected sub-
systems, and assuming that the energy fields are diffused,
in order to calculate the average value of energy quanti-
ties exchanged between subsystems. Several investiga-
tions have been conducted to improve the SEA. In fact,
they tried, not only to predict the energy density, but also
to estimate the power flow fields and the energy distribu-
tion inside systems. Among these developments, the
local energy formulation was devised by Nefske and
Sang [19] and developed by Bernhard ef al. [20, 21] and
also discussed in references [22] and [23]. These im-
provements further lead to a simplified energy method
(MES) for the medium and high frequency ranges. The
direct theory formulation has been applied in various
domains including beam [24], membrane and plates [25]
and acoustic applications [26, 27]. Several researches
were made to develop and expand this method in order to
predict the structural and acoustic sources using the in-
verse MES method (IMES). The IMES has been first
used by Chabchoub et al. [28] to estimate the structural
force applied in plate through the measurement of the
structural density field. This method was also used in
acoustic cavity application [29]. The idea consists in
defining the acoustic boundary source through the meas-
urement of sound pressure field. Recently, the IMES
has been developed by Samet et al. [30] for a complex
structure modeled with many assembled plates.

The main novelty of this paper is to develop this
inverse method in order to detect the structural force
applied in a plate coupled with an acoustic cavity
through a measurement data of the acoustic energy field.
The paper is organized as follows: Section 2 deals with
the inverse formulation of the MES method. In addi-

tion, details on the calculation of energy field is exhibited.

Then, some numerical cases are presented and validated
in Section 3.

2. THE INVERSE SIMPLIFIED ENERGY
METHOD (IMES)
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2.1 Assumptions

The simplified energy method is a vibro-acoustic
method developed for the purpose to predict the energy
density distribution for structural acoustic problem in
high frequency ranges. This method is based on a
description of two local energy quantities. The first is
the energy density W defined as a sum of the kinetic and

potential energy densities, and the second I is the
energy flow inside the system. The energy flow bal-
ance of a system can be written as follows:

" =1 +v.J (1)

where T1%* is the local dissipated power density, V is
the gradient operator and I1” is the local input density.
MES adopts the same damping model as that in SEA.
It has been discussed in the literature [18] and can be
expressed as follows:

Hdiss — 770)W (2)

where o is the circular frequency and # the damping
factor. The propagative waves of the simplified energy
method are characterized by a simple equation depending

on the energy density W, energy flow I and group ve-
locity ¢, such that [31]:

[=cwi 3)

This expression is valid for undamped system and in
the far field for outing traveler waves.

2.2 Energy Fields Formulation

In the following, the derivation of the MES formula is
done considering a nD space. Thus, in our case of plate
coupled with acoustic cavity, the following equations
will be applied with n =2 for plate and » = 3 for acoustic
cavity. Considering a symmetrical wave field and Egs.
(1), (3), the MES approach [23] leads to the following
relation:

%%(W?) +noWi =0 4)

This equation can be rewritten considering only W
field:

1 0
— L wmy+Lw =0 )
" or c,

The solutions, in terms of energy density and active
intensity, are expressed by G and H respectively:

_[ne), _(ne),
1e [Cz] - e [‘z] a
G(S$M) = -1 ° H(S$M) = -1 Usy (6)
Ce Yo Yol
where r = || SM || represents the distance between the

source S and the measurement point M, i, is the unit

vector from M to S and y, is the solid angle of considered
space (2 in dimension 1, 2z in dimension 2 and 4z in
dimension 3).
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System decomposition.

2.3 Systems Decomposition

Consider a clamped edge plate excited by a punctual
force F, coupled with an acoustic cavity. For the pur-
pose to predict the structural and acoustic energy fields,
these fields are devised into several waves of the type
described above. To simplify the problem, it is sup-
posed that the structural plate may be seen as rigid for
acoustical waves, which means that the acoustic power
transmitted to the plate is neglected, which corresponds
to a light fluid hypothesis.

The energy W, on the structure is defined as the sum
of the primary source g, (direct field) coming from the
excitation point S, and the fictitious sources o; coming
from the boundary P of the structure as shown in Fig. 1.
Hence, the structural energy W at any point M can be
written as follows:

WM = [ 0(8)G.(S,M,)dS
. ()
+[_ o (Pyiigy 71 G, (P,M,)dP

The acoustical energy W, radiated from the structure
is described as follows. For supersonic waves, the ra-
diation of the acoustical power is located at the excitation
points S and structure boundaries P. In addition, ac-
cording to the assumption that propagative waves are
uncorrelated, the acoustical energy W, at any point M,
inside the cavity is the sum of energy radiated from the

excitation sources W and energy W % radiated
from the structure extremity,

Wo(M,) =W (M) + W (M,) ®)

where
W M,) = [ 0,(5. 0, )G,(S.M,)dS ©)
and

VVaedge(Ma):J‘aQ Qx(P’UPMa )Ga(P:Ma)dP (10)
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Fig. 2 Radiation of excitation point.

In order to obtain the structural and acoustical energy
density, the source magnitudes g, ¢, 0, and o; are now

solved. The complete system is then detailed in the
next section.

2.4 Canonical Problem

2.4.1 Excitation Radiation

The objective of the following canonical problem is to
calculate the power balance at the excitation point of a
plate coupled to a fluid (notations are defined in Fig. 2).
For a punctual excitation with the force /' or moment M,
displacement and pressure are expressed as functions of
impedance Y, with the following Hankel transforms:

1 (e |
u(r) = YHrIrdy (1n)

_ L YY) 1 ki =7")" 2
P(F,Z)—EJ‘_W Pa@ WH()(W)W dy
(12)

wherein z is the coordinate normal to the structure,

k, =— 1is the acoustic wave number, w is the angular
Ca

frequency and Y is the ratio of a displacement to a force
expressed as:

(F - jyM)(k; —y*)"?
(7t =k =) = jp.o’

Y(y)= 5 (13)

The structural power is calculated by expressing the
structure field carried by propagating traveling waves.
Using the asymptotic expression of Hankel function, the
structural power is written as follows:

2

o F[+kMP)|

Pstruc —
16Dk>

s ~
- Pa® 202 2\3/2
k. (k; —k;
Jop =k
(14)
Where &, = (p;h a)Z/D)”4 the structural wave number, /

the thickness of the plate and D = Eh*/12(1 + ) the
plate’s stiffness.

433


https://doi.org/10.1017/jmech.2017.24

Fig. 3 Reflection in the edge; the notations.

The total power supplied to the system is the sum of
the power injected into the structure (Eq. (14)) and the
radiated power corresponding to the integral of the
power flow diffracted on the hemisphere surrounding the
excitation point: P"/ = P*"*“ + P with P defined by

P (B) =T (HP” (15)
where
B =20 | Yk, sin(p) (16)

and £ is the angle with the normal of the plate.

2.4.2 Edge Radiation

The canonical problem objective is to calculate the
power balance in the extremity of plate coupled with an
acoustic middle (the notations are defined in Fig. 3):
Starting from the displacement field due to a plane
flexion wave, incident with an angle 6, on the edge of
a clamped plate, we seek to determine the intensity of
the radiated power. The structure is placed in x <0, and
the boundary at x = 0. The displacement field is de-

fined in x > 0 by: u(x, y) = u(x)e ™7 with u(x)=

— jk cos(6;)x

Jks cos(6;)x kg cos(6s)x )

u;(e +re +re including the
incident term and the reflected terms propagative and
evanescent. For a clamped plate the » and r, values are:
r=—1andr,=0[32].

The fluid is now introduced by considering the acous-

tic pressure in the form p(x,y,z)= p(x,z)e "5

The pressure p,(x, z) is defined by:

Pa(2) = pl, 7y - 222
J& i)

where the second term corresponds to the pressure that
would radiate from the incident structural wave when it
propagated on x direction. Basing now on the follow-
ing Helmholtz equation:

. 2 2,\1/2
e*/(ksﬁ(ka —ki)' 7 2) (17)

(A+k)p=0 (18)
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We demonstrated that the pressure p, satisfies the
following equation:

2 2
66122 + 68122 +K%p, =0 with K*(6,) =k —k>sin(6,)
X Z

19)
and coupling conditions:
: (20)
P,

“2(x,z=0)=—p,0°u;(x) x>0
oz

The average spatial Fourier transforms on x of pres-
sure and displacement are written as follows:

B (2= par.)ed
27 90
1)
1 (o0 )
B (r,9)===[ pi(x.2)e""dx
2 d-=

Uin) == Ui 2)e

27 J0

o (22)
U.(n===] U, ()x 20" dx

27 9=

with =P +P and U=U,-U,.
equation (19), the pressure is written as follows:

Basing now on

Pa(x,2) = py(,0)e /K7 (23)

and the coupled equation (20) is written as follows:

. . U,
B (y,0)=-jp,0’ (K> _(7/2))1/2 ’
(24)
- . U.(y)
P (7,00 = jp,0’ — 5
2 (KZ _}/2)1/2

The Fourier transform of p;, is then:

JP.® { 1

p(r,0)=

1

1/2
T 6k, cos(@))(k, cos(8,) — K)?

Jr

+ 1

(7 —k, cos(0,))(k, cos(6,) + K)?

" Je
(7 —k, cos(6,))(jk, cos(6,) + K)?

Where 6 represents the angle between the normal di-
rection to the plate and the directional radiation and ¢™”
the spherical angle around the edge line. The specific
intensity in (6, ¢"*) direction is expressed in terms of the

incident structural flux Z as follows:

pmy (9’ ¢my ) = rbord (av H 9)5(¢ - (Dmy (ev ))Ir Wlth
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_ 4z | P(Ksin(0),0 | Ksin(0) |’
k. R(Dk] +kk;))cos(6,)

l—‘bord (ev s 0) (25)

In order to respect the power balance, the energetic
structural reflection coefficient must take into account
the part of power being diffracted:

7l2
R6)=1-[" T4,(6,,60)d0 (26)

2.4.3  Supersonic Waves Radiation

The radiation of supersonic flexural wave is made as
follows. Using a simple calculation of the propagative
forms of the displacement and pressure for an infinite
fluid loaded plate, the directional specific intensity can
be expressed as follows in terms of structural power flow
I

Pray ((0) = Fsurf 5((/) = Draa )Is with

. k, 27)
Sin(@00) ==

Where ¢,,, is the angle with the normal to the plate,

and I',r denotes the surface radiation efficiency:

T, =L (k2 - k)" (28)
¢, psh

This proportional relationship shows that the fluid
coupling generates a loss of energy for structural waves,
with equivalent damping coefficient:

nmd =C r /w (29)

s+ surf

where ¢ is the group velocity of structure.

2.5 Energetic Resolution of System

The system resolution requires the calculation of the
total acoustic energy density W,,.

2.5.1 Acoustic Energy Radiated from the Excitation
Source

The acoustic energy density is described by the inte-
gral over the secondary sources o, located on the struc-
ture Q:

W (M) = jg 0, (5,Ugy )G, (S,M,)dS with

() (30)

Ca

G(S,M) = le ™7
ca }/OSMa

Expressing the power located in the exciting point of
structural o, (s,U su,) by the following expression:

0,(5,Usgy,) = Lo 0,7, P™ (S) 31

The acoustic energy density is written as follows:

W (M) = [ Toa0)70P" ()G, (S.M,)dS (32)
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Fig. 4 Measurement point/source interaction.

2.5.2  Acoustic Eergy Rdiated from the Sructure Etremity

The energetic resolution of acoustic energy radiated in
the extremity is made as follows: The structural energy
density field is first solved taking into account the ener-
getic structural reflection coefficient R(6;) coming from
Eq. (26) and the power diffracted in the acoustic middle.
After that, the acoustic source magnitude o, located in
the extremity of the plate is second solved with the fol-
lowing expression:

Ti0u (U5, 60)

. L(P,U™)n,  (33)
Sm((PPMa ) * !

O'a(PsUPM,,):%

By introducing the acoustic source magnitude o, in
the integral (Eq. (10)), the acoustic energy density in the
extremity is written:

_(M] P,

e

W) = [ T 5,00 1.(P, U5 ) npdP

Cy PMa Sin((pPM,,)
(34)

where the structural power flow incident Z is defined
by the following relationship:

(PO = [, P (S)H,(S. Py
(35)
+f o (P (P P)dP

2.6 Inverse Formulation

This section focuses on developing an inverse MES
formulation for a plate coupled with an acoustic cavity,
by applying a discrete format of the energy equation
Eq. (8). For this goal, we define first a matrix called

ij,.]”-i presenting the interaction matrix between points
source S and acoustic measurement points M, (see
Fig. 4). This matrix with dimension (n}, ,n;), where
n is the number of structural sources and n, is the

number of acoustic measurements.

de 7
Ca V0SiMy !

a

S:fl;l = J‘Q»v' rexci (Ha )7/0ij (Sj)
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Fig. 5 Measurement point/edge element interaction.

Secondly, we defined T} as the (np, np) geometric in-
teraction matrix between np two edge elements. It is
determined by the following formula:

T; =2¢c, - 2R, B; 37

s

c

7( (5 +1rad )w] P

s

e — —
where Bij = I&Q J.(’B_Q]» TIJJPIMP/E nP, dedPl and Rs

is the energetic structural reflection coefficient calculated
by Eq. (26).

We define a (np, ng) matrix called Q; matching a
geometric interaction between np edge elements and 7
structural sources. It is determined by the following
equation:

_[(m +had )wj 5,7
e

= ———— i p.ipdP 38
T (38)
Next, a matrix called Vj; presenting the geometric in-
teraction between structural source points n, and np edge
elements is defined. This matrix with dimension

(np,n’), and it is presented as follows:

| (s +1rad )@ S,P
CY

iis 1, i dS, (39)

Referring to Fig. 5 another (n,@“,np) matrix is de-

fined and called Y;. This operator represents the geo-
metric interaction between acoustic measurements points
ny  and np edge elements. It is written as follows:

_[(ﬂm)w]EMuj
L‘Il

1 e
ij J.Q- bord c, f)ij- Sin(gogMW_) i ( )

After that, we define S combined Egs. (37-40).
It is determined by the following equation:

Sk =Y, V; +Y;B,T;'0; (41)
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Fig. 6 Boundary conditions.

For sake of clarity, the direct MES equation can then
be written in the following way:

VVH — SuPstrltC (42)

where W, =W + W% and S, = S + S

The IMES formulation aims to invert the matrix for-
mulation of Eq. (42). The structural force applied in
plate can then be estimated and localized from an acous-
tic measurement. It is expressed as follows:

P.Ytruc — S;VVQ (43)

where + is the pseudo inverse, W, = W™ + W% and
S, =S5+ §5%
but is often ill-conditioned, which will disturb the results.

In the next parts, we studied the matrix S, inversion in-
fluence on the numerical results.

Matrix S, can be well-conditioned,

3. NUMERICAL RESULTS

This section deals with numerical tests of different
cases in order to validate the presented formulation.
The presented system is a structure which consists of a
plate (p, = 7800 kg/m’, v = 0.3, E = 210 x 10’ Pa)
coupled with an acoustic cavity (p, = 1.3 kg/m’, ¢, =
340 m/s). The structure is a rectangular plate, its length,
width and thickness are L =1 m, / = 0.8 m and ~ =
3.107 m, clamped on its borders and damped with a
coefficient #, = 1%. The acoustic cavity is undamped
and with dimensions (L =1 m, /= 0.8 m, H= 0.3 m) as
shown in Fig. 6. The plate is excited with an input
power P = 1.551 W/m® calculated by Eq. (14), at point
S given by (0.45 m, 0.45 m, 0).

Figure 7 presents the numerical simulation methodol-
ogy which consists of implementing the IMES approach
when using a set of acoustic density energy predicting,
based in the first case on the direct simplified energy
method (MES/IMES simulation), and in the second case
on the finite element method (FEM/IMES simulation)
modeled using COMSOL multiphysics software.
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https://doi.org/10.1017/jmech.2017.24

Input .| Direct Simulation
Sources "| FEM or MES \
. Extracted
Comparison Data
Estimated . Inverse Simulation /
Sources IMES

Fig. 7 Flow chart of numerical methodology.

0.8 1.5
0.6 £
| B
P
[}
o
052
0.2 5
=]
(8]

0 0

0 0.2 0.4 0.6 0.8 1
(a) One input loads
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Fig. 9 MES/IMES simulation.
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Fig. 10 FEM/IMES simulation.

3.1 Validation of the Inverse MES Formulation

An analysis presented in this section for the purpose
to validate the IMES method. The displayed results are
computed in an octave band with a frequency center f. =
15 kHz, where the modal overlaps is quite high and the
use of energy quantities is essential. The first step con-
sists in determining the measurement data of the acoustic
energy density field through 7, =100 distributed on a

parallel plan to the plate with a distance e = 0.05 m as
shown in Fig. 8.
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The second step consists in comparing the force re-
sults given by the MES/IMES and FEM/IMES simula-
tion with the exact value of the input loads. To check
the sensitivity of IMES method regarding more excita-
tion loads, the plate is also excited in other example with
two input forces P = 1.551 W/m? given by (0.25 m,
0.55 m, 0) and (0.65 m, 0.25 m, 0).

It should be remembered that, the input loads were
calculated using Eq. (14) and results are presented in
Figs. 9 and 10. Result in Fig. 9 shows that the inversion
of S, is validated since we obtained a good estimation of

437


https://doi.org/10.1017/jmech.2017.24

0.8 o|lo|o|o|o|o|o|lo|o|o L5
o|lo|o|e|eo|e|o|le|a|n P
06| o o o o o o o o o Ng
o|lo|o|o|o|o|o|leo|o|o 1 %
04 o o o o - o o| o o =] g
’ o|o|o|o|o|e|o|lo|o|n g
o|lo|o|o|o|o|o|lo|e|o 2
0.5 &
02|o|o|lo|e|eofe|ea|lea|a|a §
o o o o o =] =] =] o =] LL]

0 o|o|o|o|o|o|o|lo|o|o 0
0 0.2 0.4 0.6 0.8 1
(a)
S O

| 0.35
0.6 | | HE
0252
)
0.4 [—¢—T— ——— %2 £
015 5
— — [10.1 &
0.2 | 5
| 0.05 5§

O H

0 02 04 06 08 1
©

Fig. 11

the location and levels for the vibratory sources. In a
similar way, the FEM/IMES result was compared with
the input value. Actually, the IMES calculation is pro-
cessed using W, calculated by finite element software.

Figure 10 displays the sources identification from the
measured data showing that the different force positions
clearly appear to be in the exact location. Furthermore,
the number of load excitation does not disturb the loca-
tion identification, which proves the ability of IMES
method to identify the exterior excitation for different
positions of the load.

3.2 Influence of Noisy Measurements

In this section, a number of numerical tests will be
performed in order to show the impact of acoustic meas-
urement point repartition in the identification of struc-
tural source. For this reason, two simulation tests were
performed in order to approach to the realistic case, the
first with MES/IMES simulation and the second with
FEM/IMES simulation. The objective of these simula-
tions are to analyze the influence of measurement points
distribution on the detection of input load.

3.2.1 MES/IMES Simulation
The number of acoustic measurements 7, will be

changed in this application. To illustrate its effect, the
MES/IMES simulation was repeated while decreasing
ny,, and the results displayed in Fig. 11 were obtained.
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MES/IMES Simulation (M Measurement Grid) for (a) 7, =100, (b) n, =64,(c) n, =25,(d) n, =
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Let us then define the factor u=n, /ng to quantify
the efficiency of the method. u=1(ng =n, ) corre-

spond to the square matrix to invert, whereas u < 1 cor-
responds to a few number of measurements compared to
the number of structural sources ng. It appears that by
increasing the measurements points 7, spread over
each plate corresponding to n, =9 (u = 0.09),
my =25 (u = 025), ny, =64 (u = 0.64) and
ny =100 (u = 1) respectively, the source is well de-

tected and the difference on the input power has been
decreased.

For instance, the source input power is equal to
0.3805 W/m’ for n,, =9, 0.3879 W/m’ for n, =25,

1.5503 W/m* for n, =64 and 1.5514 W/m’ for
ny, =100, yet it should equal to 1.551 W/m®.  There-

fore, the correct result of the input power is achieved for
higher n, ~values. To illustrate the quantification

sensitivity Or (Fig. 12(a)) and the location sensitivity Ly
(Fig. 12(b)), these terms given by the following equation
were used:

N i
_ Zi:l (P - Igexact )2
N

( Psource _ Pexact )2 )
( Pexact )2 ’

Or = T (44)
where P, and P’ are respectively the i component of
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Fig. 12 Quantification (a) and location (b) terms of precision evolution as function of u.

= Source points
o Measurement points

(@)
Fig. 13 FEM/IMES Simulation for d,=0.33 m and d,, = 0.26 m.

the exact input power vector and the i component of the
estimated power vector. It is clear that the values of Or
and Lr increase when the value of wu=n, /n; de-

creases, which means that the IMES is validated with a
good accuracy for the higher n,, ~values. It is observed

that good results are obtained from u = 1, which corre-
sponds to n, =ny.

As a conclusion, the IMES formulation tends to esti-
mate the injected power when the numbers of measure-
ment data obtained with the direct MES formulation are
higher. Let us show in the next section the influence of
microphone repartition in the IMES results when the
measurement data are obtained with FEM software.

3.2.2 FEM/IMES Simulation

This section deals with the influence of acoustic
measurements in the detection and quantification of the
vibration source. A new numerical methodology to
identify the loads acting on the structure using FE
method will be presented in this example. A more real-
istic test case will be then considered. The first step
consists in subdividing a plane parallel to the plate with a
distance ¢ = 0.05 m, into nine areas, and placing a mi-
crophone in the middle of each area. In fact, the
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ny =9 acoustic measurement were distributed as

shown in Fig. 13(a).

A color map of the estimated power repartition
in the plate is drown in Fig. 13(b). From a first view,
the highest value of power is estimated with a value
equal to 0.8949 W/m®. The next step consists in
distributing the same number of microphones near
the highest power surfaces with an equal distance d, =
d, =0.09 m (Fig. 14(a)).

As seen in this figure, a good input power prediction
is observed. It should be noted that in Fig. 14(b), the
source is correctly estimated for both localization and
level.

Errors of the estimated power are summarized in
Table 1. The results show that the amount of source
information increases as the measurement point is so
close from the source. Therefore, it is preferable that
the distances between source and nearest measurement
points are as short as possible. Moreover, it seems that
choosing a good disposition of acoustic measurement is
quite important to estimate the input force. Finally, this
section confirms that the present method tends to esti-
mate the input force in the structure for a few number of
acoustic measurements, and can be applied for industrial
problems, such as aeronautics and automotive industry.
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Fig. 14 FEM/IMES Simulation for d, = d, = 0.09 m.
Table 1 Estimated power error.
FEM/IMES Simulation d,=033md,=026m d=d,=0.09m

Error (%)

423 3.44

4. CONCLUSIONS

In this paper, numerical results are presented in order
to localize the vibration source from acoustic measure-
ment. The new IMES formulation based predictive tool
has been first developed. Several test cases involving
different measurement points and external forces were
considered. The inverse solutions were compared to
results given by the direct MES and FEM simulations.
The obtained results confirm that the proposed approach
accurately estimates the excitation force with a low den-
sity of measurement points. In the future works, the
IMES could be developed to identify the acoustic
sources. In other words, the identification of acoustic
sources from structural measurements of energy density
field using IMES method is currently being investigated.
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