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INTRODUCTION

In the practical engineering field of the actual noise control system,
it is as important as the sound source countermeasure to improve the
sound propagation characteristics by newly setting a scund insulation
system or by reinforcing the present state of a sound insulation system.
on the other hand, for the purpose of evaluating the transmitted noise -
level fluctuation of sound insulation system, it is especially neces-
5ary to grasp guantitatively the statistical characteristics of this
noise fluctuation. )

From the above practical point of view, in this paper, the acoustic
transmission characteristics of sound insulation system such as single-
wall and double-wall is first estimated by use of the usual and modi-
fied S.FE.A. methods. Wext, when a general stationary random noise of
arbitrary distribution type is passed through various kinds of s$ound
insulation systems , a new probabilistic evaluation method for the
transmitted noise fluctuation is theoretically proposed from the fol-
lewing two points of view, ps the first method, the explicit expres-
sion of the transmitted nolse intensity distribution after system
change is derived in a general form of statistical orthogonal and/or
nen-orthogonal expansion series, taking the transmitted noise intensity
distribution function observed before the system change into the first
expression term. As the second method, a statistical evaluation method
of the transmitted noise fluctuation after improving the sound insula-
tion system is given based on the information on several statistical
moments of the incident noise fluctuation and the acoustic transmission
characteristics of sound insulation system.

Finally, the validity of the proposed theoretical procedure is experi-
mentally confirmed by applying to the actual transmitted noise data of
sound insylation systems cbserved in the reverberation room.

1179




Ohta

Y.Mitani and M.

THEORETICAL CONSIDERATIONS

ror the purpose of evaluating various kinds of noise indices like Ly
and Lgg, it is essentially necessary in this probabilist.c evaluation
to’ find out the explicit expression of probability distribution func-
tiocn of the transmitted noise intensity. In this section, three typi-
cal methods are proposed for the probabilistiec evaluation of the trans-
mitted neise.

Non-orthogonal expression of reflecting system change
Let xg {(i=1,2,+-»,N) be the energy component of noise intensity exist-
ing in the fth freguency band-width of the incident noise fluctuation x.
Let y and z be respectively two output intensity fluctuations observed
before and after improvemsnt of the sound insulation system with the
same input excitation x. And let by and ag; reflect respectively the
acoustic transmission characteristics after and before improvement of
the system, From the additive property of energy guantity, the over-
all transmitted noise intenNsity y and z .';lre given as
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In th15 case, the probability density functien, Pz{z), for the random
noise intensity, z,can be expressed on the basis of probability density

function, Py(y), as follows
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Especially when the statistical Hermite series type express;on defined
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is employed as {z) of arbitrary d;strlbutlon type for the output in-
tensity before tge system change, Eq.(2) can be explicitly expressed as
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orthogonal eéxpression of reflecting system change
First, consider the probahility density function Pz{z] expressed in the
statistical orthogenal expansion form :
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where 8,{z) is the preestablished polynomial satisfying the following
orthegonality relation with a weighting function PY(z) 1

£o P 2Bz 6 (2) =0y (mn=0,1,2,+01) . (8)
That is, ©&n(z) can be concretely formed by the linear combination of
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where \n4 i8 given by the so-called Schmidt's orthogonalization proce-

dure as -1/2 .
Anj“‘(dn-ldn) . ((n,3)cofacter of d,{z)) (10_)
N‘Du‘PD] t¢u:¢1,"'(¢ul¢n, (¢01¢0) (¢a|¢1)"' (¢D,¢ i
‘¢]|¢D) (d’] #1)"'[¢1|@n (¢1'¢0) (@1 ¢1] - ‘¢1,¢n

———————————————————— = A Em mTEE TET ST TEE S
G20 (4 T a1 Abma b | 57| (e ) Cogedid ~~ = (orbn) |*
Codp(zy  plE)--- $p(z) . }
dpiz)=bp(z) , d-1=dp=1 , (i.93)2L 85(2)e;(DRy (212 - (g1,
Iand $; {z) is given in the orthonormal expansion expression of P {z)= '[,
<¢i(z]>¢1(z). Especially after employing the probability expressioﬂ' gf
statistical Hermite series type as the above Py(y), we can consequently
obtain the following expression {i.e., $;(2) corresponds tc an Hermite
polynomial of the ith order):
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General framework of expressing putput noise dlstnbutlon

If we pay our special attention to the fact that the sound intensity
always fluctuates only over non-negative region [0,=),the output pro-
bability density function of scund insulatien system can be first de-
rived in a general form of a statzst:.cal Laguerre expansion series as

follows {1] : Pztz).ar_ﬁ.s_m 281y, Eabn['n( (z/s)] (14
with <z>2 e(z-<z21?3 _T(min! . {(m=1)
e 5, <z> , Pnf Timtn] Cn (z/s}> (15}

The above parameters m, s and Cp (n=1,2,:**) can be determined by using
saveral of lower and higher order moments <zP> (p=1,2,...,n}of output
energy fluctuation z and the acoustlic transmission characteristics ag
after improvement of sou.nd insulation system, as follows :
<zp>=E:: By vvedy €2y 24 veezy ¥
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Estimation of acoustic transmission charactaristics
In two spec;al cases when the sound insulation system is constructed by
use of single- or double-walls, the acoustic transmission characteris-
tics ag of sach wall are explicitly expressed based on the usual and
modified S,E,A. methods [2,3) as follows :

{Single-wall)
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{Double-wall)
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In the above equations, nj is the internal loss factor, njj is the cou-
pling loss factor. Moreover, Vip and Vg,e denote the volumes of trans-
mission room and reception room respectively,

EXPERIMENTAL CONSIDERATION

We use’ an aluminium double-wall, or an aluminiumsingle-wall (thickness :
1.2mm, surface-mass:3.22kg/m2,loss factor:9.33 1077, double-wall air gap
t50mm) , as two sound insulation systems, A one-third octave band noise
of white neise is used as an input source, The used frequency range is
from 250Hz to 1000Hz.We estimate the valuves of ap (8=1,2,3,4,5,6,7) for
single- and double-walls based on the modified and uswal S.E.A. met.huds.
The estimated values of ay; for each case are shown in Table 1.

Fig.l shows a r:omparison between theoretically evaluated curves {(calcu-
lated by Eq,(8)) and experimental sample points of cumulative distribu-
tion for the transmitted sound level fluctuation in a typical case when
the sound insulation system is changed from a single-wall to a double~
wall,

Table 1 Eotimated values of ag 1.0 4

1/3 ovctave band - T 5
centey frequency £y Single~-wall Double=-wall . -a ‘,'
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B0O 2.862X107 1.090%1072 .

1000 1.609)(10"‘ 6 assﬁo" Fig.l Comparison between theoty and

axperiment for Q(L}).
CONCLUDING REMARKS .

In this paper, a new probabilistic evaluation method for the trans-
mitted noise fluctuation of sound insylation system has been theoreti- .
cally proposed by use of the usual and modified 5.E.A. methods. hAn
.agreement between the theoretical and experimental probability expres-—
sions - has -been effectively confirmed. We would like to express our
cordial thanks to S. Yamaguchi, K. Hatakeyama, Y. Ohira and A.Nanba for
their helpful assistance.
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