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INTRCDUCTION

For the purpose of obtaining a better acoustic life in our noise-filled
living environment, including such as read traffic noise and airplane
noise, most people £ind it necessary to make improvements in walls
and/or windows, In this paper, a general and fundamental consideration
for statistical evaluation of transmitted sound through an insulating
structure is theoretically proposed, considering that the structure

of the spund insulating system is changed by improvement work, such
as double-walls and single-walls. This kind of systematical estimation
method, about an improvement of noise reduction under the probabilistic
evaluaticn, has not been so well reported up to now.

From the practical viewpeint of structural improvement , the next two
cases are ceonsidered in this paper. O©One of them is the case when the
acoustic characteristics of the structural material is changed from the
viewpoint of quality. The other is the case when the geometrical di-
mensions of the structure is changed from the viewpoint of gquantity.

In our theory, any other parameters, such as aceustic characteristics
and geometrical dimensions, need not be directly and individually es-
timated from an analytical viewpoint. A new trial of probabilistic
evaluation, based on estimating only newly introduced characteristic
parameters directly matched to the difference between the output re-
sponse before improvement work, and the output response after improve-
ment work, is considered by use of the Modified 5. E.A. methed

{ statistical energy analysis method ).

Basically speaking , our theory has been experimentally confirmed by
applying it to the actually observed data cbtained in our acoustic la-
boratory. The results of our experiment are in good agreement with
our theory.
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THEORETICAL CONSIDERATIONS

To make good improvements in the sound insulating characteristics for
a double-wall, the change of the relationship between the input and
output must be considered according to the thange of thickness of the
papel. More concretely , we especially consider the change in panel
thickness for only one of two panels in this case. The relaticnship
between the sound energy of the input and that of the output for a
double-wall has been consequently derived by the Modified S5.E.A. method
as follows [1),([2] :
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when the thickness of the panel is changed from t; to ti ., its
form after modification ¢an be expressed as i S{1x¥b6).

Similarly , other factors can also be expressed in the same way as
ny = n3(1+6) , n = n3 (LB}, NI, = MO, (148) , n) = AO{lsb), -o .
A%ter an improvement based on changing Eﬁe thickness of %he panel, the
relationship between the input and output is analytically expressed by
making use of the S.E.A. parameters ( like n? B n“.. } obtained before
changing its thickness and modification rate of thé‘j thickness & .
Thus , after evaluating the determinant based on the above change of
thickness, Eq.{l) is rewritten as follows :
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EVALUATION AND MODIFIED S.E.A ...

Bringing the effect caused by the thickness change of panel into relief,
Eg. (2] can also be expressed as follows :

D, l+ac+ A'zc'+ v,

—_— —_— " — {3}
P .

D, A+AB+ AR+ A

where A corresponds to the noise reduction before modification of the
thickness of the panel.

After once identifying the structural parameters ( A, B,B, «*+* ,C,C5
s++ ) in Eq.(3) by use of the actural noise excitation, the evaluation
of the noise reduction due to the arbitrary change of panel thickness
can be accomplished. First, the parameters ( A,B,B,.-- ,C,C,+++ )} in
Eg. (3) are identified by the recursive estimation algorithm based on
a stogpastic approximation method well matched to the observed actual
data by taking one by one under the well-known least-square type error
criterion, As touched on in the above , this is not an analytical
identification of the acoustic characteristic parameter or geometrical
parameter. That is, taking the background noise Vv from the outside
of the room ( in a form of mean value <V¥ 2>} into consideration, the
error evaluation due to the identification can be expressed as :
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By use of the least-square type error criterion < g > —> min, an
energy transmission coefficient g is estimated with the modification
rate & of panel thickness , as follows :
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Practically speaking, & is estimated in a specialized recursive form
based on Robbins-Monro's stochastic approximation method. Thus, the
estimation algorithm can be reduced as follows :
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‘with a time point k .
EXPERIMENTAL CONSIDERATIONS

If the above structural parameters in Eq. (3) are restricted to only

A, B and C, those parameters can be deterministically identified by
use of three kinds of estimated parameters g's in three cases with
different values of the panel thickness. Those parameters have been
concretely estimated by use of the least-square type error criterion.
Especially in the case using an ordinary aluminium double-wall with d=
100mm air-gap thickness, when one panel has a constant thickness ( 1.2




H. Iwashige and M. Ohta

am ), thé sound transmission less of an arbitrary panel thickness has
been predicted under three different conditions of an additional panel
with thickness of 0.8mm, 1.2mm or 2.0mm. Fig.l shows the sound trans-
mission loss of the Aouble-wall with another panel thickness { 1.5mm )
from three different viewpoints the prediction by use of other
different three thickness values , the estimation by use of data con-
cluding the same thickness ( 1.5mm ) and experiment. In Fig.2, the
estimated and predicted cumulative distribution for the transmitted
sound of double-wall are shown with the experimsntal result. Agreement
petween the proposed theory and the experimental result has been effec-
tively confirmed.
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aluminium double-wall { t,= Fig.2 <Cumulative distribution of transmitted
L5mm,t>=1.2 mm,d=100 mm ) , sound through aluminium double-wall { t)=1.5
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Estimated value , Predicted value, Estimated value,
X Experimentally sampled X Experimentally sampled point.
point.

CONCLUSION

Phis new trial of probabilistic evaluation for transmitted sound has
been considered from the energy flow viewpoint based on the Modified
S.E.A. method. By and large, we have validated the above theory by
experimental confirmation of application of actually cbserved data.
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