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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 sound insulation
system or by reinforcing the present state of a sound insulation system.

On the other handffor the purpose of evaluating the transmitted noise ’

level fluctuation of sound insulation system, it is especially neces-

sary to grasp quantitatively the statistical characteristics of this

noise fluctuation.

From the above practical point of view, in this paper, the acousti'c

transmission characteristics of sound insulation system such as single—
wall and double-wall is first estimated by use of the usual and modi—
fied 5.E.A. methods. Next. when a general stationary random noise of
arbitrary distribution type is passed through various kinds of sound

insulation systems . a new probabilistic evaluation method for the

transmitted noise fluctuation is theoretically proposed from the fol—

lowing two points of view. As the first method, the explicit expres-
sion of the transmitted noise intensity distribution after system

change is derived in a general form of statistical orthq'gonal and/or
non-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 basedon 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 confimed by applying to the actual transmitted noise data of
sound insulation systems observed in the reverberation room.
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THEORETICAL CONS'IDERATIONS

r‘or the purpose of evaluating various kinds of noise indices like I,x

and Leg, it is essentially necessary in this probabilistic evaluation

to- find out the explicit expression of probability distribution func—

tion of the transmitted noise intensity. In this section. three typi—

cal methods are proposed for the probabilistic evaluation of the trans—

mitted noise. ‘

Non-orthogonal egression of reflecting system Chang

Let X}, (l=l,2,---,N) be the energy component of noise intensity exist-

ing in the 1th frequency band—width of the incident noise fluctuation x

Let y and2 be respectively two output intensity fluctuations observed

before and after improvement of the sound insulation system with the

same input excitation x. And let hi and a1 reflect respectively the

acoustic transmission characteristics after and before improvement of

the system. From the additive property of' energy quantity, the over-

all transmitted noise intenNsity y and z are given as
N

=£bx 2=Eax _
Y_111' 1:111 (1)

 

In this case, the probability density function, 131(2), 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 ezxpression2 defined
with =< > = _

as 1 (PH a z u uy y . ay <ly by) >.
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is employed as P (z) of arbitrary distribution type for the output in-

tensity before the system change, Eq. (2) can be explicitly expressed as

(z-u )1 ._X_ a an ‘3 z-u
P(z)=T—-e 2oz : Eflf'LHHJ—x) . (e)
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Ortho onal é ression of reflec 5 Stem chan e

First, consider the probability density function Pz(z) expressed in the

statistical orthogonal expansion form :
no

Pz(2)=Py(z)n:°Cn3nl2) ' Cn5‘9n(=)> r (7)

where sum is the preestablished polynomial satisfying the following

orthogonality relation with a weighting function Pym) x

f:wa(z)Bm(z)6n(z)=am (m,n=0,l,2,---). (a)
That is, 8,,(2) can be concretely fanned by the linear combination of
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n
“(2) as follows I 3n(z)=j:oinj¢j(z) I (9)

e

where lnj is given by the so-called Schmidt's orthogonalizatiun proce-

dure as -l/2
injemmldn) :((n.j)co£actor of dn(z)) (10)
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a.
do(z)=¢o(z) , d-1=dD=l , (Ointjlifiweflzmj(z)Py(z)dz .(11)

land 151(2) is given in the orthonoma1expansion expression of Py(z)=,;f

<¢i(z}>¢i(z). Especially after employing the probability expression gt
statistical Hermite series type as the above Py(y) , we can consequently

obtain the following expression (i.e.. “(2) corresponds to an Hemite

polynomial of the ith order):
(:z-u ) w a on an A _u

1 -—¥ J— Eflx ; c z n H .z_x
‘th Pz(:)=7270—ye 20y tin/fi- H,( fly )n=o "i=0 3| j( ay) (1.2)
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General framework of egressing outEut noise distribution

If we pay our special attention to the fact that the sound intensity

always fluctuates only over non—negative _region [Our] ,the output pro-

bability density function of sound insulation system can be first de—

rived in a general form of a statistical Laguerre expansion series as

  

follows [1! : a l -z/s m-l “ (m-l)
92(2) “We,” e z 2 {1+nE3DnLn (2/5)) (14)

with <92 (z—<z>) >' _I‘lm)nl (m-l)

Mayan!) , <z> . ‘Nmfinlq‘n (2/5)) - (15)

The above parameters m, s and Cu (n=1,2,-'-) can be determined by using

several of lower and higher order moments <zp> (p=l,2,--.,n)of output

energy fluctuation z and the acoustic_transmission characteristics a;

after improvement of sound! insulation system, as follows :

< >==a a ...a (z z. "-2 >

zp i),12,...,ipu1 11 i2 1P 1 1 1P (16)

Estimation of acoustic transmission characteristics
In two special cases when the sound insulation system is constructed by

use of single- or double—walls, the acoustic transmission characteris-

tics al of each wall are explicitly expressed based on the usual and

modified S.E.A. methods [2,3] as follows :

(Sin la-wall)
q |n2*"21+“23 "12 I

“123 "13 "1_na n—__.._.__ . (17,
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(Double-Hall)
"2t '"32 n “12

"'12: "a: "Na: "13 with
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aluwMLX‘L n3:=n3¢n31+n32+n3..+n35 ,
'12: "132 o n Vout nu=nu+nu3+n~5 .

"123 '13: "mo?! '"53 n5t=n5+n51+n53+n5r . (13)
o -n3u nut 'fl5k

0 ’"35 "1‘45 r‘SI'r

In the above equations, ni is the internal loss factor. nij is the cou-

pling loss factor. Moreover, Vin and Vout denote the volumes of trans-
mission raom and reception room respectively.

EWERIHENTAL CONS IDERATIO‘N

We use’analuminium double-wall. or analuminium sin le-wall (thickness x
1.2mm, surface-mass:3.22kg/m2,loss factor:9.33 10' ,double—wall air gap

xSOmm) , as two sound insulation systems. A one—third octave band noise
of white noise is used as an input source. The user! frequency range is
from 250“: to 1000H2.Ne estimate the values of a1 (l=l.2.3,4,5,6.7) for
single- and double—walls based on the modified and usual S.E.A. methods.
The estimated values of al for each case are shown in Table 1. '

Pig.1_ shows a comparison between theoretically evaluated curves (calcu-

lated by Eq.(6)) and experimental samle 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.

Hole 1 ‘cnumred values 1:! n1

"3 "u" “"d Single-Hall mama-nucenter (re uenc I
- 4.5“ 0- 4.54610'

mosaxm‘2 3.957x10'1
Lessmn'2 3.239xio‘1

memes
/ —lat tan:

I)Inc

Luann-2 2.40000-2
5.1muo'J Lemur?
Leanne-3 Laenxm'2
Lace :0" 6.895x10'3

CONCLUDING REMARKS

In this paper, a new probabilistic evaluation method for the trans-

mitted noise fluctuation of sound insulation systemhas been theoreti-

cally proposed by use of the usual and modified S.E.A. methods. An
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. chin and Amanba for

their helpful assistance.
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