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INTRODUCTION

As 1s well-known, a sound level meter has a proper Internal mechanism
such as a mean squaring operation and a weighting frequency network. So,
the probability characteristic of random fluctuation measured through a
sound level meter should be principally influenced by them. While, it
is obviously important to evaluate the output sound level fluetuaticn
of sound insulation system with a random noise excitation from the
statistical view point, especlally in close comnection with the deter-
ministic mechanism of system and input character.

In this paper, it is first theoretically considered how the fundamental
mechanism of mean squaring operation and insulation system affect the
probability distribution form of output level in direct relation to the
well-known probabilistic evaluation problem, when a Gaussian randomwave
passes through the noise insulation system. Theeffect of an instrument
character, the frequency epectrum of input random neise and the noize
insulation system are explicitly reflected in each expansion parameters
of output probability distribution expression in a series expansion
form. The validity of the above theory is confirmed experimentally by
applying it to the transmitted neise data of the insulation system with
a single-wall observed by use of a usual sound level meter. It is note-
worthy that the theoretically derived output level distribution is able
to be predicted only with use of information on a time constant of in-
dicating system and the frequency spectra of Gaussian randem input,
indicating system and sound transmission of insulation system. .

THEORETICAL CONSIDERATION

When the input wave x{t) and the output wave y(t) of a sound insulation
system (e.g., single-wall, double-wall, etc.) is measured through the
_ sound level meters (see Fig.1l), the indicated power outputs, E, and
E, of meters are glven as:
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Bx=gfg xniar, E-dflyola (1),(2)

with an averaging time interval T of sound level meter. Furthermore,
the fundamental mode)l for indicating system of usual sound level meter
is showm in Fig.2. Let £(t) be the stationary Gaussian random wave.
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In this case, by assuming E(t) as a part of the periodic wave with constant
period T, the sample process f{t) within a time domain [0,T] of random in-
put can be directly expressed in a form of Fourier expansion seriesas [1]:

f(e) = EN { ap cos nwpt + by sin nwot b {3}

vith mgéz_ﬂfo (fo ) and an=—f0f(|:) cos mygt de, b= Iof(t) sinnwpt de.

Originally, the _DC component, ag/2, of £(t) should be omitted owing to the
sound property. Accordingly, the Fourler coeffcients a, and b, (n#0}
corresponding to AC component are independent each other and  become
Gaussian type random variable with zero mean <3p>=<bp>=0 and variance
Sp (<alv=<bi>).

Now, the output. power fluctuation € of the mean squaring circuit (see
Fig.2) is expressed according to Parceval theorem [1] as follows:

T Ny N
Al 2 { a2 312
a = = L +b5)1/2= I F 4
e ‘T[D £(t)" de) . l(an n){ ael P (4)

with Fp=( a%+b%)/2. " Hereupon, Fp is a power frequency component of €
at a frequency £=nfg [Hz] (fg=1/T). The number of sample points N (=
Ng-N1+1) equals to TW (W:frequency band width of £(t} ) [2]. Thus, the
output power fluctuation E of anoise insulation system measured through
a sound level meter with input x(t} can be given as:

. T N N 2
1 2 1,2 .2 v, 2
EETJ y(t)“ dr= Z E(any+bny) }’inﬁll"’”””wznnn

(5)

"2 . |H(jm) | m=2n7rl'T

with Fourier ccefficients apy and byy of y(t) and

(W = [0y e ar, x(iw) = [, x(0) R R N (A N )
H{jw) ie a frequency transfer function of noise insulation system.
Similarly, the input power fluctuation Ex of x(t) is given as:

N )
€n (8)

w=2am/T" nEI .

1 T
E "Tf x(e) 2 de = z ——Ix(jw)l
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Substituting Eq.(8) inr.o Eq.(5}, the following relation is Ao‘btaiﬁed:
A N
’“(jm)lw,zn“/-r €n=n=l ay” En = I'IEJ- I"l‘\ (9)

with an=|H(jm) Iw=2nH/T . From Eq.{9), the output power E can be predicted -

by use of only information on the frequency amplitude spectrumof Gaussian
random input and frequency transfer function of sound insulation system.

In this case, themoment generating functien IJJ(BKI in a Laplace transfor-
mation form for the output power fluctuation E= El Fn (N=TW) isgiven by:
n=

P8y = < OF

N -1
:i:=<exp(-en§15n(Fn/sn)}aﬁ-n£l<1+s,,) (10
with Sp=<F,> (n=1,2,--,8). Inaspecial case when the spectrum Sp of
input wave x{t) takes the same value Ay (k=1,2,--,M), Eq.(10) is re-
wricten as:

M -Ty .
vey = M (1+X8) (11)
¥ g ¥ omoge &s
with K1 k=N an Kol k A oy S

Thus , the probability density fumction. P(E} of output power canbeex—
plicitly derived by use of Heaviside's expansion theorem [3] in an in-
verse Laplace transform of Eq. (11) as follows:

4 Tk
PE) = L (_rFﬁT (<5 ) (8 Fo4g) Mu® g, g
- _
g P,.(E;Ak.nkm o Eme T An/N) - a2

Where, Pr{E;s,m) (éEm-l E_E,S/ s[(m) ) is a pamma distribuion func-
tion with two parameters = and m, and )

- -y~
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Accordingly, the cumulative distribution function, 0y, (L), of cutput level
fluctuation, L{ =10 log (E/Ig) 10 log (E/(Io/lo) ) is given as:
I

Ig 1087123 Qt 1 € 0101./10}
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mﬂkg‘“m-‘m-"\m”k) . (14)

EXPERIMENTAL CONSIDERATION

The experimental arrangement is indicated in Fig.3. A single-wall of
Aluminium with 1.2mm thickness has been employed. Table 1 shows the
values of 1 and Ay (k=l,2) of Eq.(14) 1in a case with white Gaussian
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type random input { with frequency band width 224 - 355 [Hz]). The sound.
transmission factor o in Eq.(13) for Aluminium single-wall is obtained
in two ways of method [T:based on the mass law, A:experiment]. Figure 4
shows the comparizon between theory and experiment for the output cumu-
lative distribution of nelse insulation system. Table 2 show the compar-
ison between theory and experiment for evaluatfon Index Lyx. Each theo-
retical results is.in a good agreement with experimentally sampled values.

S Fe :Experimental
Single- SP:Non~directional Speaker - values
M:Microphone F:Filter = Theoretical
M NG:Noise Generator & curves -
Y_ DR:Data Recorder | =-—-—:case [A)
SLM:Sound Level Meter | rcase [T]
MT— LR:Level Recorder
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=i o < L (dB(p)
“60.0 T 65.0 70.0

Fig. 3 Experimental arrangement for Fig. 4 A comparieon between theory
insulation measurement of single- and experiment for the output

wall in reverberation rooms. cumulative distribution.
‘[“able 1  -Actual evaluation of Table 2 A comparison between
parameters Ay and Ty in a case theory and experiment for
with Aluminium single-wall. evaluation index Ly.
-7
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) I Theor T] [ 68.8)67.8]67.0[66.4
280 - 255 1'2=9 .03 4.53 . ¥ A) |68.9]67.8]67.0| 66.1]
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CONCLUSION

A newprediction method for output fluctuation of noise insulation system
has been derived in connection with instrument character and input fre-
- quency spectrum. The validity and the effectiveness of proposed theory
have been experimentally confirmed.
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