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INTRODUCTION

As is well—known. a sound level meter has a proper internal mechanism

such asa 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 fluctuation

of sound insulation system with a random noise excitation from the

statistical View point. especially in close connection 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 random wave

passes through the noise insulation system. The effect of an instrument

character, the frequency spectrum of input random noise and the noise

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 noise data of the insulation system with

a single-wall observed by use ofa 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 random 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.1), the indicated power outputs, Ex and

E, of meters are given as:
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Wei: xmzan. E=—— Gym dc <1>.(2)
with an averaging time interval T of sound level meter. Furthermore.
the fundamental model for indicating system of usual sound levelmeter
is shown in Fig.2. _Let ((t) be the stationary Gaussian random wave.
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Fig. l A model for measurement of noise I Fig. 2 A model for indicating
insulation system. I system of sound level meter.

In this case, by assuming f(t) as a part of the periodic wave with constant
period T, the sample process f(t) withinatime domain [0,T] of random in-
put can bedirectly expressed in a form of Fourier expansion series as [1]:

N2 '

£(t)= )2 (an cos moot+bnsinnwot) (3)

A 1 “EN T 2 Twith m0=2n£o (fa-T) and an=fl0f(t) c0511th at, bn=;Jof(t) sin mo: dt,

Originally, the 1):: component, a0/2. of f(t) should be omitted owing to the
sound property. Accordingly, the Fourier coeffcients an and bn (#0)
corresponding to AC component are independent each other and become

Gaussian type random variable with zero mean (an>=<bn>=o and variance

Sn(<aé>=<b'2‘>),

Now, the output power fluctuation t of the 'mean squaring circuit (see
Fig.2) is expressed according to Parceval theorem [1] as follows:

I NZ N
Al 2 2 2

e:— ftdt-E +‘o flat? (4)(TL) () ) n=N1(an n)> “=1 n

with F“: ( a,2‘+b,2,)l2. Hereupon,‘ Fn is a power frequency component of E
at a frequency funfo [Hz] (foul/T). The number of sample points'N (=
Nz-N1+1) equals to N (mirequency band width of f(t) ) [2]. Thus, the

output power fluctuation E ofanoise insulation system measured through

a sound level meter with input x(t) can be given as:

 

v T N N 2 '1 2 1 z z a 2
E “TI Dy“) at = “51 7 ( an)!" bny) anlluju) |m=2mrlT

2 N 2 2
- p “51 | How) I_ ~ mt») [NWT (5)

with Fourier coefficients any and buyof y(t) find

muhfm y(t) e'J‘“ dt, mm) =f; m) e'Ju" dc . (6).(7)

 

H(jw) is a frequency transfer function of noise insulation syst
Similarly, the input power fluctuation Ex ofx(t) is given as:

2 ‘i
m=2nan= “=1 5“ - (a)

T N
Ex=%[o x(t)2dt= “El fil X(Jw)|
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Substituting Eq.(8) into Eq.(5), the following relation is ,ohtained:

2 N A N

w-Znn/T. E“anEl a“. a“ = 2 F“ (9)
s g [m )|

=1 ‘1” n-ln

with un=|H(jm) lilznn/T . From Eq.(9) , the output power E can be predicted

by use of only information on the frequency amplitude spectrum of Gaussian

random input and frequency transfer function of sound insulationsystan.

In this case, the moment generating function M92! in a Laplace transfor-

mation (hm for the output power fluctuation E = 21 Fn (mm) is given by:
n

GE —1 (lo)_ N u
w(a)= <2 >E =<exp(-6“£15n(Fn/Sn))>E - “Elna,”

with Sn=<Fn> (n=1,2.--,N). Inaspecial case when the spectrum Sn of
input wave x(t) takes the same value Xk (k=l,2,--,M), Eq.(10) is re-
written as:

H _-[k .
M6) = H (1411(9) (11)

. k=1

1 h El 1’- d ’1; 1‘ A g Sw t k=1 k—N an kfl k k “=1 n .

Thus , the probability density function P(E) of'output power can be ex—
plicitly derived by use of Heaviside's expansion theorem [3] in an in—
verse Laplace _transform of Eq.(11) as follows:

H 1 a ’k'1 at i 1kP(E)=k;£1 (rm)! (as) (2 (MAR) W9) I lahmk
M .

=k§l “1 H “Marrl Pr(s;xk,nk+l) mgk g(nm,rm.—Am/Xk) - (12)

"here, PI-(E; 5.1») (éEm'1 e_E/S/ am Nil) ) is a gamma distribuion func-
tion with two parameters a and m, and _

n _ ‘f _

swarm—Aunt) = <— mm “‘ [‘m 1;““H1-Am/m “‘ “m. <13)
Accordingly, the cumulative distribution function. 01.0.), of output level
fluctuation, L( = 10109 (13/10) = 10199 (slug/lo) ) is given as:

M I n I
omm- 2- ‘2: exp{-—0 10””) 23‘ %(—°1o"/1°)2

k=1 n1+--+nM=rk-1 M 1:0 . - 1k

XmgkshmJW-ANIAK) . (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 rk and 1" (k-1.2) pf Eq.(14) in a case with white Gaussian
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type random input (with frequency band width 2214 -355 [Hz]). The sound.

transmission factor an in Eq.(13) for Aluminium single-wall is obtained

in two ways of method [T:based on the mass law. Azexperiment]. Figure &

shows the comparison between theory and experiment for the output cumu—

lative distribution of noise insulation syst. Table 2 show the compar—

ison between theory and experiment for evaluation index 1.x. Each theo—

retical results is.inagood agreement with experimentally sampled values.
<=
_; o :Experimentsl

Single- SP:Non~directional Speaker ,. values
H:Microphone F:Filter :1 Theoretical   

    

 

NG:Noise Generator é" curves
DR:Data Recorder m :case [A]
SLM:Sound Level Meter ©- :case [T]
LR: Level Reco rder

   . 4
°6o.o 65.0 70.0

Fig. 3 Experimental arrangement for Fig: 4 Acompariaon between theory

insulation measurement of single- and experiment for the output

wall in reverberation rooms. cumulative distribution.

Table 1 Actual evaluation of Table 2 A comparison between

parameters Ak and (k in a case theory and experiment for

with Aluminium sinle—vall.

Frequency band
width [Hz]

220 - 250

230 — 355 ff

evaluation index Lx .

          
     

(dB (:0)

CONCLUSION

A new prediction 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 propo_sed theory

have been experimentally confirmed.
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