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1. Introduction

Inside the large field of structural dynamic and vibroacoustic predictive methodologies, the
Energy Influence Coefficient (EIC) and the Energy Distribution Approach (EDA) represent
theoretical and numerical tools which have appeared in recent times, ref.[1+3]. In fact, by using the
global modes of the system under investigation, it was possible to define all the relevant energies
and powers as used in standard energy methods. Among these, the most popular is Statistical
Energy Analysis (SEA), ref.[4].

EDA is a theoretical frame in which it is possible to find a link between the deterministic
modal methods and the energy ones. Further, it is well known that the validity of some SEA
approximations and assumptions are not known a priori, while adopting EDA and EIC, it is
possible to check the conditions in which a proper SEA model could be assembled, ref.[3,5].

In SEA, for example, the coupling loss factors are strictly positive, and further they are zero
for indirectly coupled subsystems. By using EDA, it was demonstrated that the indirect coupling
loss factors can exist and they can be negative. Clearly, in this condition the system cannot be
modelled with standard SEA approach, ref.[6].

At the same time, a novel approach was studying the possibility to use finite element
approach (FEA) for getting the high frequency response (the response of a given system at high
values of the modal overlap factors), ref.[6+9]. A scaling procedure was tailored in order to get the
same energy representation by using a reduced modal base.

This can be done (i) to reduce the computational costs for given prediction at a given
frequency range, or (ii) for increasing the frequency range for which the model is valid for the same
computational cost. It is not worth noting that the cost of the FEA is associated with the ratio of the
wavelength to the dimensions of the structure.

An acceptable justification of the scaling procedure was found by using SEA approach, but
only with EDA (and EIC) it was possible to properly frame all the relevant parameters, ref.[10].

The results obtained for several assemblies demonstrated that the scaling procedure, named
Asymptotical Scaled Modal Analysis (ASMA), was able to predict the response in an SEA sense
by using a scaled model with standard Finite Element Approach (FEA) and model, ref.[11].

The contents of this report concerns various applications of ASMA in the context of
EDAJ/EIC and they are closely related to ref.[5], in which the analysis was focused on estimating the
coupling loss factors from FEA in a robust approach.

The results herein presented and discussed, have demonstrated that ASMA is able to furnish

the coupling loss factors at reduced computational cost when compared with the standard analysis.
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2. Energy Distribution Approach, Energy Influence Coefficients and Asymptotic

Scaled Modal Analysis

2.1 Review of Energy Distribution Approach

Full details can be found in ref.[1, 2 and 3]. In summary, the structure is analyzed using FEA,
for example, and the modes found. The discrete frequency response at a point can be found for
point force excitation by summing contributions from the modes in a conventional manner. This
response is then measured to find relations between the input power and the energies.

First, the mean square velocity response (which is proportional to the Kinetic energy) in a
subsystem is found by integrating the point response over the region occupied by the subsystem.

Next, rain-on-the-roof excitation is assumed: this is spatially delta-correlated. By averaging
the energy response for all possible excitation points in a given subsystem, the total response energy
is found. This can then be frequency averaged. Next, the subsystem input power is found by
integrating the real part of input velocity response to point force excitation over the region occupied
by the excited subsystem and over frequency. Finally, the energy influence coefficients (EIC) are
found: these are simply the subsystem energies per unit input power.

Then, EDA involves post-processing the results of a modal analysis typically performed
using FEA of the whole structure. This poses the problems at high frequencies of the large
computational costs that might be associated with the FEA.

This report describes how ASMA might be used to scale the structure, perform the FEA on
the scaled structure at low cost, and have estimate of the EICs. It is necessary, therefore, that the
modes of the scaled systems, when suitably averaged, resemble the same average of the modes of

the original system.

2.2 Justification of the Asymptotic Scaled Modal Analysis by using Energy Distribution
Approach

This paragraph has been extracted from ref.[10] and added here for sake of completeness.

In ASMA a scaled model of the original system is analysed. The given original model is
geometrically scaled by multiplying the side dimensions of the original model by the factor <1, so
that a FE model becomes correspondingly smaller and the modal density decreases.

In particular the natural frequencies of the model scale as (for plates):
®, =00, (1)
where the overbar denotes a scaled quantity. The model is also scaled dynamically, to retain similar

modal characteristics. For example, the damping loss factor is increased by the factor € (e<1) so
that:
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m, =&, ()

At this stage, we also assume that the forcing function is the same for both the original and

scaled structures. In the EDA approach, the energy response is defined in terms of the following
parameters which depend on the modal properties of the system ref.[1].

First, the original and the scaled parameters

v = [p(x)d, (x)0, (X)dx T = (300, ()9, (X)dx 3)

Xer Xer

depend on the global mode shapes within the original, r, and scaled, ¥ ,subsystems. Specifically, the
subscripts j and k refer to the global mode shapes of the original model and the subscripts p and q

refer to the global mode shapes of the scaled one. If properly scaled the statistics of ) can be

approximated by the scaled modes, that is i’ = (). The coordinate x is the position vector in a

k=
one, two or three-dimensional structure and p(x) is the mass density.
Secondly the auto and cross-modal frequency response operators, ref.[1], for the original and

scaled systems are as follows:

Q8n,o, Q8n,o, 8Qn; o

e o’

The original cross modal frequency response operators are:

n ((Dj +03k)2(ﬂ,-(0,- +nk(0k)

L= 5-
k160 ((of —(oi)2+(njoaf +nko;)ﬁ)2 &2
The scaled cross modal frequency response operators are:
. @ +o )@ +7o,) __ (0, +o, ) (0,0, +n,o,)
160 (61_2 -’ )2 +(ﬁj o +N, 0, )2 16Qc’c’e (co]2 —mi)z (njcof +M,0; )2
c’ " c’e’ (5-b)

_ T eo’ (O)J- +0)k)2(11,-03,- +nk(’0k)

16 Q gz(mf —mi)z +(nj0)f +m0)i)2

The term Q represents a generic frequency band over which excitation is applied. The cross

modal terms are not yet scaled since the quantities involved are different functions of ¢ and €. Thus
it is mandatory to work with approximations for these terms.

For large terms, which broadly represent the interaction of two overlapping modes, one gets:

_jk|arge ~ ]7:5;;2 ((Dj + o, )Z(T::j@j +nk0)k)|i(nj('0? :;an@i )2 ]l _ SGZij|a,ge' (6)

It should be noted that the scaled large terms are ruled by ¢ and o as the terms T, Eq.(4).
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For small terms (broadly, modes which do not overlap) one gets:

= L (61. +6k)2(ﬁ161 +ﬁk6k)_75852 ((’JJ +('Ok)2(ni('oj +T]k0)k)_c52
1—‘J'ksmall = - - _ijsmall ' (7)
e @ -] 02 for-wiye] ot

This is the central point of the scaling procedure.

The small coupling terms are the only ones that do not follow the scaling rule of . The
scaling coefficients are both less than unity, the circumstances under which the approximation for
o?e! can be a good estimate of o’ have to be borne in mind. It can be shown that the best
approximation is obtained when selecting € = . In this case the small terms for the coupling are an
acceptable first order approximation around unity.

Expanding around c=1 gives:

for the large terms: o° =1+(30%),,(c-1)=36-2;
o . ®)

for thesmall terms: —=c
e

It is trivial to note that for e=o=1 one gets the original system. Furthermore, for the response
of a single subsystem and/or the directly excited subsystem drawn from a generic assembly, any
choice for o could be used. It is useful to underline again that approximations for the small modal
coupling terms are solely responsible for ASMA not being an exact translation of the energy
content at high frequencies.

2.3 Summary of Asymptotic Scaled Modal Analysis

The application of the scaling procedure leads to the analysis of the auto and cross modal
frequency response operators.

The auto modal frequency operators, I'j;, result in a scaling as o, Eq.(4).

The cross modal ones, I'jx, result in a complicated dependence on ¢ and ¢, Eq.(5), which can
be treated only by invoking some approximations, Eq.(6) and Eq.(7). The large cross modal terms
follow the eo? scaling law, Eq.(6), while the small ones are scaled with ¢ 'o% The best scaling is
obtained by selecting e=o; in this case, the small cross modal terms can be used as an acceptable
approximation.

The auto modal frequency operators, I'j;, are the parameters that govern the input power, that
is the amount of energy entering the given subsystem and, therefore, it is expected that ASMA
might always work well for such system components.

It is also expected that the energy exchange between the remaining subsystems (not directly
excited) will be well approximated, these being dominated by the largest cross modal frequency

operators, ['jk, since they result from those modes that overlap.
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The results presented in the next paragraph will confirm these statements based on theoretical
considerations.
The parameters required are as follows. The original and scaled power input in the s-th

subsystem are:

PW =25, Zj:ancojl“jwajs)
— o n Y o 9)
P =25, zj:znj o, T,y =25, Zz(?l](c—;J(acTﬂ Ny ®)=pPY

It has to be noted that the spatial distribution of the excitation acting in a frequency band has
to be considered; in ref.[1], the loading was assumed to be proportional to mass density with a zero
cross-spectral density and an auto-spectral density, St.

The original and scaled kinetic energies for the r-th subsystem are:

TO =283 > T,wivy
i K

_ 10
T0 225,33 (60T, Jw &y )=ec’ T = 6°T® (19
i ok
The original and scaled energy coefficients are:
22 Nawivl
AI’S = J . (S) ; ATS :AFSSGZ = AFSG3 (11)
ZT]J-OJ,-FH\I!,-,-
J
while the original and scaled mean square velocities become:
T(r) T(r) GZST(r) T(r)
vi=—; Vies—=—1—=¢ = oV’ (12)
m m o’m m

The A coefficients form a matrix A that under some condition is the inverse of the SEA
predictive one (the matrix formed by the direct and coupling loss factors), ref.[1]. The mean square

excitation in a band e can be generically written as follows, %‘FZ‘ =S, (o)p(x)ow.

For the configurations herein introduced and analyzed in the next sections, the same loading
function has been assumed for both the original and scaled assembly expansions. This leads to an
auto spectral density, 6™ Si(w) in the scaled system.

The Egs.(9 to 13) can be summarised as:

P =Py,
TO =63TO
S =S, = A A G (13-a)

Vies—=—-—= =ocV’ = V=
m o'm m

T(r) GST(r) cﬂ'(r) vz
(e)



Energy Distribution Approach, Energy Influence Coefficients and Asymptotic Scaled Modal Analysis Page 10 of 28
PG _ ~2p(s)
PIN =0 PIN
TO =T®
-2 J—
S, =0"S, = A=A (13-b)
T(r) GT(r) T(r)
72 _ _ _ _ -1, ,2 2 552
= = _sz_cm_c Vi = V' =0V

3. A Simple Plate in Bending

The model under analysis is a simple flexural plate. The material plate is homogenous,

isotropic and the side lengths are Ly and Ly; the thickness is denoted by h. The plate is simply

supported along the edges (zero displacements and moments and allowed rotations). The scaling

procedure is applied to the analytical solution, by reducing the side dimension by the factor ¢ (o<1)

and keeping the original thickness. The material is aluminium and has a normal modulus of

elasticity, E, and mass density, p. These are the values in the scaled model, too.

It is useful to report each part of the original and scaled plates. The scaled items are denoted

by an overbar. The dimensions are

EX =L, o; Ey =L,c; h=h

The natural frequencies in rad/sec are:

Eh2 ijc 2 jYTC
o = o7 T
12p(1-v7) [ L, L

y

|

e (Y (e e
oV 120-v) |\ Lo L, G’

and the associated mode shapes:

4 [ jorx ) L[y
(x,y)=_| sin sin
¢J( y) pL L h ( L, j ( L, J

- (o = 4 ] X
(X,¥)= | —=——sin| == |sin
b,(%) pL,L,h ( L, J

[J'yERVJ =é¢j(x,y) |

y

(14)

(15)

(16)

The integers jx and jy indicate the number of half wavelengths on each axis. The modes are

both mass normalised, in fact the non zero terms of the diagonal mass matrix are the following:

X

LL, . 2 . 2
[ [sin LX) i Y dydx =1
LL 39 L L

y

L

Ex ) Exty . _\2 - —\2
<o i) i 12 i 227 | oy
00 00 X

y

A7)

It is of interest to see the distribution of the original and scaled natural frequencies. This is

shown of the Fig.1, in which it is evident the shift due to the scaling coefficient by the factor c.
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Figure 1: Original and Scaled (6=0.45) Natural Frequencies [Hz]
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By using an increase of the original damping:
— -1 -2
n=ne =no (18)

it is straightforward to get the results in Fig.2 and 3, where the Classical Modal Analysis
(CMA) and Asymptotic Scaled Modal Analysis have been applied in order to get the original and
scaled responses, respectively, ref.[10].

The results are expressed in terms of mean square velocity averaged over the acquisition and
excitation locations. Further, in those figures, the frequency at which the modal overlap reaches the

unit value is also shown.
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Figure 2: Original and Scaled Responses with 6=0.45
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Figure 3: Original and Scaled Responses with 6=0.35
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Now, the parameters of the Energy Distribution Approach (EDA) are introduced and
discussed. Having selected the normalization of the eigenvectors to give a unit modal mass, the

mode shape parameters, j;, become:

2 . 2
NN O G IR O 14
v, =ph [, (x, Y, (x,y)dxdy = —— | sm(’*Li] sm[yL—J dxdy =1; v, =0
A 0 X

y

—
— B
o'—:'_

(19)

T 2 . 2
_ T T oo 4 % (jmx) . []my _
v, =ph[ 4, (X.9)%, (X, y)dxdy = —— [ [sin LX N sin| 222 | dxdy =1 v, =0
) LL 3y | L L,

X

These are interesting results since the terms w;; represent the fractional modal density: in this

case, they are unity in both the original and scaled models, as expected, and only their distribution
along the frequency axis is modified, Fig.4.

Figure 4: The Original and Scaled (c=0.45) Terms y;; (Original Modes=198, Scaled Modes=40)
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In fact in this simple case, ref.[1]:
()71 — — —
Ely’']=v,=n/n;; =1 (20)

The modal densities:
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3L L 3L.L
n = 3 XEV ; N = 3 XEV =o’n, (21)
ZTCh PRI Znh T
pA-v?) pA-v?)

The modal overlap factors:

m =onn, = (olzczn@ =m, (22)
c

m, =onn,;

oRd

If the damping is small, ref.[1] and previous paragraph, the frequency functions can be
approximated as
1 n | =

I =58n(o ; Ta=eoT, (23)
j

The terms related to the coupling, I'j, are not important for a single system, since the y;=0.
The power input and the kinetic energy can be written by using the previous relationships and

assuming a given spectrum for the excitation, Ss:

Py =25, 2n0, vy P, =Py (24)
]

T =ZSfZFﬂwH\|/H; T =¢c’T (25)
]

For getting finally the mean square velocity:

, T(r) . T(r) SGZT(r) ,
Vo= Vi =—= —=Ve (26)
m m mo

The simplest choice for the scaling coefficient ¢ is to consider it equal to 6°. Summarizing:

PO — pw®
IN IN
TO - 6*T®
S =S = KSS =A_" (27-a)
. T(S) G4T(S) GZT(S) ) , vz
Vis—=——= =o'V = Vi=—
m om m (e}
PO _ 2P
PIN =0 PIN
TO = g2T®
_ >, o
S =06°S = A =A_" (27-b)
. T(S) GZT(S) ,
Vis—=—F7"=V
m om

Obviously, the choice of ¢ is not uniquely determined, and infinite combinations of ¢ and ¢
could be pursued, but by selecting e=c?, one gets that the scaled mean square velocity is equal to

the original one and further, the modal overlap factor is kept; generalizing:

m,(o)=on(e)n,; m (0)=on(0)n, = w% o’n,=m, (o) (28)
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4. Estimating the Coupling Loss Factors

4.1 Two In-Line Rods

The scaling procedure in terms of the absolute responses was analyzed earlier while here an
analysis is presented for determining the coupling loss factors for a given configuration.

All the relevant details for getting the EIC can be found in ref.[5].

The selected structure was composed of two in-line rods (only longitudinal waves are allowed
to travel) and the original and scaled responses were assembled by using the standard FEA. At both

the ends the structure is clamped.

Figure 5: Configuration of the two rods

First Rod Second Rod

Both the rods are made of the same material: modulus of elasticity, E = 39.476 Pa, mass
density, p =1 kg m?, longitudinal wave speed, ¢, = (E/p)” = 6.283 m s™. The differences between
the two rods are in their lengths and cross-section areas: Ly= 7/3 m, L, = 2n/3 m, A; = 1 m? A, =
0.4 m?. By using these parameters, a unit global modal density is obtained:; in fact: ny = 0.333 Hz?,
nr, = 0.666 Hz™. The odd choice of parameters allows creating a system with a unit total modal
density.

The finite element models were built by using as a parameter the number of solution points
for each wavelength, NEWL.: later this variation will be discussed.

Further, the scaled finite element model has been built by multiplying each coordinate by o,
the scaling factor, and by imposing an artificial augmented damping, m =n/o . This means than the
scaled model will have only a fraction of the original degrees of freedom. Generally, the same
original mesh could be also kept for the scaled model, but this point will not be addressed here,
ref.[6]. Before discussing the results presented in the next pages, it is useful to underline the

behaviour of the parameters, pjx, that rule the I and I'jx approximations. They are defined as

2 27t
M? 0N o
ijzl '\J/Ik2 = i, 1+ i, (29)
+ M ‘03,- _(”k‘ ‘0)1. _O‘)k‘

Here M is the modal overlap between the j" and the k™ modes. The scaled ones in the

present case are
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-1

TV 2 2 2
jk j k j Kk jk

As expected, for o=1, the scaled system is identical to the original one, while the lower the c,

the higher the differences in terms of frequency distribution!. This difference will be reduced by

refining the spatial distribution that is by reducing the error of the natural frequencies, and/or

enlarging the modal base. In any case, the limiting values for p; are kept; in fact, by considering the

modal overlap factor Mjx as a continuous variable, Fig.6.

Figure 6: Analysis of the Eq.(31) - pjx vs Mj« — for several values of the scaling coefficient

1 :
0.8
Hjk
0.6
0.4 — 1.0
0.9
0.7
02 — 05
— 0.3
1

10

It is evident that Jirgo ;. 1, =0 and Mliimo U, 1, =1. Therefore, it is expected that at both

very low and very high modal overlap factors, the scaled model will produce the same results as the
original model. The main differences are expected in the intermediate region (moderate model
overlap), and they will be magnified by the scaling coefficient.

It is useful to remember that in standard SEA, the following relationship hold for a generic
coupling between the j-th and k-th subsystem:

T
njknj(’ozz_;_c (31)

L1t has to be noted that for plate assemblies, the same result is obtained (c=¢, ® =067,
n, =n,&"), ref.[10].
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where mj« is the coupling loss factor, n; is the radian modal density, o is the radian excitation

frequency, and tjk is the transmission coefficient.

From here and for the remaining part of this document, the transmission coefficient will be

referred to as the quantity tj /(2m).

Figures 7 to 10 contain the results for the present assembly, and they contain: (a) the statistics

(mean and variance) of the y;; terms for each rod;(b) the original transmission coefficients; (c) the

scaled transmission coefficients; (d) the original, scaled and standard coupling loss factors n,1;(e)

the original, scaled and standard coupling loss factors ni,; further, the maximum frequency (fmax),

the retained number of original modes (NOM), the retained number of scaled modes (NSM), the

number of element for wavelength (NEWL) and the scaling coefficient (o) are also indicated,

respectively. The x-axis in the figures (b+e) is the global modal overlap factor.

Figure 7: fx=50 Hz, NEWL=5 and 5=0.5; (a) statistics on original and scaled ;;; (b) the original
transmission coefficients; (c) the scaled transmission coefficients; (d) original and scaled coupling loss
factors — n,s; (e) original and scaled coupling loss factors - ni,.
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The parameter that is varied is simply the damping, n. The estimation of the coupling loss factor
has been based on a band centred at fia/2.
Figure 8: fnx=100 Hz, NEWL=5 and 5=0.5; (a) statistics on original and scaled yj;; (b) the original

transmission coefficients; (c) the scaled transmission coefficients; (d) original and scaled coupling loss
factors — n,y; (e) original and scaled coupling loss factors - ni..
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In all the figures, a good estimate of the coupling loss factor 32 and n,; has been obtained for
very low and very high modal overlap, and the main differences are in the intermediate region, as
expected, and some asymptotic values for increasing values of the modal overlap.

Fig.10 and 11 present the effect of increasing the number of modes: the scaled models has
06=0.5 and such an increase improves the accuracy of the prediction of the scaled models.

Fig.12 presents a reduction of the scaling coefficient and it is clear that this is associated with
a small degradation of the predictive capabilities in the intermediate region.

The simple doubling of the number of elements per wavelength (NEWL), produce better

results since the spatial members, i, are better simulated, Fig.13.
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Figure 9: f,=100 Hz, NEWL=5 and 5=0.3; (a) statistics on original and scaled yj;; (b) the original
transmission coefficients; (c) the scaled transmission coefficients; (d) original and scaled coupling loss
factors — n,y; (e) original and scaled coupling loss factors - n;,.

Modal Overlap Factor

fmax = 100Hz 5 a) Percent Error (Original vs. Scaled)
T T
NOM = 100
NSM = 30 oF o ]
]
NEWL =5 i
B3
= S b
0=03 00 mean
(OOQ variance O
-10 1 1 1 1
0.6 12 18 24 3
Rod Number
b)Two In-Line Rods: Original F.E. Model c)Two In-Line Rods: Scaled F.E. Model
[— 1stto 2nd [— 1stto 2nd
000 2nd to 1st 000 2nd to st
04 0.4
2 g
o o
£ 03 Z 03
& g
S S
5 02 S 02 o oo
s &
= =
0.1 0.1
0 0
0 1 15 2 25 3 0 05 1 15 2 25 3
Modal Overlap Factor Modal Overlap Factor
d)Two In-Line Rods €)Two In-Line Rods
0.012 0.025
— Original: 2nd to 1st |=—— Original: 1st to 2nd
----- Scaled: 2nd to 1st = ===~ Scaled: 1st to 2nd
0.01
0.02
_ 0.008 _
<] 5
g g 0015
& &
& 0.006 g
> =
B £
H s 001
3 3
©  0.004 ©
0.005
0.002
0 0
0 1 15 2 25 05 1 15 2 25 3

Modal Overlap Factor

The errors on mean values remain very small and are practically unchanged in all the figures;
the analysis of the variances with the number of modes and the scaling coefficient is difficult, even

if in general the lower they are the better will be the results.
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Figure 10: ;=100 Hz, NEWL=10 and 5=0.3; (a) statistics on original and scaled yj;; (b) the original
transmission coefficients; (c) the scaled transmission coefficients; (d) original and scaled coupling loss
factors — n,s; (e) original and scaled coupling loss factors - n;,.
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4.2 Four In-Line Rods

4.2.1 First Assembly

In this case, the assembly analysed in ref.[1] was used for testing the application of the scaling
procedure. Again at both the ends the assembly is clamped and all the rods are made of the same
material: modulus of elasticity, E = 39.476 Pa, mass density, p =1 kg m™. The variations between
the four rods are in their lengths and section areas: L;=0.5171 m, L, =0.8885m, L3 =0.7072 m, L4
=1.0288 m; Ay =1m? A, =04 m? A; = 0.9 m?> A, = 0.6 m? By using these parameters, a unit
global modal density is obtained; in fact: ny; = 0.165 Hz™ , nr, = 0.283 Hz?, ng; = 0.225 Hz?, gy =
0.327 Hz™".

This configuration is a severe test-case for any energy methods, since it presents the problem
of indirect coupling. ASMA was successfully applied to a very similar configuration (six in-line
rods), ref.[6].

The results are contained in Figs.(11+14), where the estimates of the full set of direct and
indirect loss factors are presented together with the means and variances of ;; for the original and
scaled systems. Specifically, the figures contain: (a) the statistics (mean and variance) of the wj;
terms for each rod; (b) the original direct transmission coefficients; (c) the scaled direct
transmission coefficients; (d) the original indirect transmission coefficients; (e) the scaled indirect

transmission coefficients.
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Figure 11: f,,=80 Hz, NEWL=5 and 5=0.5; (a) statistics on original and scaled ;;; (b) original direct
transmission coefficients; (c) scaled direct transmission coefficients; (d) direct original transmission
coefficients; (e) indirect scaled transmission coefficients.
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Figures 12 and 13: f,,,=100 Hz, NEWL=5 and ¢=0.5 (top) and ¢=0.35 (bottom); (a) statistics on original
and scaled j;; (b) original direct transmission coefficients; (c) scaled direct transmission coefficients; (d)
direct original transmission coefficients; (e) indirect scaled transmission coefficients.
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Figure 14: f,,,=100 Hz, NEWL=5 and 5=0.2; (a) statistics on original and scaled wj; (b) original direct
transmission coefficients; (c) scaled direct transmission coefficients; (d) direct original transmission
coefficients; (e) indirect scaled transmission coefficients.
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A broad conclusion can be drawn from the present results: ASMA is able to predict the

evolution of the full set of direct and indirect coupling loss factors with the modal overlap factors;

this can be done according to the proper number of modes for representing the frequency band and

the resolution of the spatial information. All the predictions are obtained with a drastic decrease in

the computational costs due to both the reduction of the original mesh and the selection of a limited

number of scaled modes.

Further investigations are needed for controlling the error on estimating the coupling loss

factors as a function of the scaling coefficient and the given number of modes, in order to better

guantify an acceptable approximation level.



Energy Distribution Approach, Energy Influence Coefficients and Asymptotic Scaled Modal Analysis Page 26 of 28

4.2.2 Second Assembly

In this case, the analysed assembly was the same as used before; the only variation was in the
cross-section areas: A; = 0.6 m% A, =1.0m? A;=04m? A, =0.9m?
The configuration was analysed and presented for the sake of completeness. Results are
shown in Fig.15.
Figure 15: ;=100 Hz, NEWL=5 and 5=0.5; (a) statistics on original and scaled vj; (b) original direct

transmission coefficients; (c) scaled direct transmission coefficients; (d) direct original transmission
coefficients; (e) indirect scaled transmission coefficients.
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5. Concluding Remarks

Some advances have been herein presented concerning the scaling procedure when aimed to
the estimation of the coupling loss factors. The possibility of using ASMA (Asymptotical Scaled
Modal Analysis) to predict EICs (Energy Influence Coefficients) and coupling loss factors at
various values of the modal overlap factor were analysed. Numerical results were presented and
they are quite satisfactory even if more work is required.

The Energy Distribution Approach, EDA, furnished a theoretical frame for the overall scaling
procedure. The results presented herein have again shown the versatility and computational
convenience of ASMA, and it can be directly applied using any finite element solver.

Some points need to be addressed in the future, for gaining more confidence in using ASMA
and EIC:

1) Analysis of the error in estimating the coupling loss factors.
2) Analysis of the scaling procedure for the plate assemblies RR, DD and PP, ref.[5].

3) Analysis of the approximations included in ref.[5] when working with the scaling procedure
aimed at the estimation of the coupling loss factors.

4) Evaluation of the scaled responses and estimation of coupling loss factors for the
configurations where different forms of modal densities are involved (plate + beam, plate +
acoustic volume, etc.).

5) Evaluation of the scaled responses and estimation of coupling loss factors for the
configurations in which a physical coupling element has to modelled.

In summary, EDA represents a well posed technique aimed at the evaluation of the energy
influence coefficients (EIC) that, when appropriately ensemble averaged, can be used to estimate
the coupling loss factors used in SEA. It allows the assembling of predictive models at increasing
excitation frequency by using a generic modal base. It was herein demonstrated that ASMA can be

adopted for such an estimation of the coupling loss factors by using low-cost FEA predictions.
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