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PURPOSE OF MEASUREMENTS. The englneering approach to sound control
in buildings consists of setting appropriate design goals for the
sound pressure level in the various rooms and controliing either the
sound power ocutput of the sources, or the sound transmission fram
the sources to the listeners, or both, to meet these goals in the
most econamicel manner, Sound control calculations: are based on the
statistical concepts of accustic energy bulldup in roocms and acoustic
power flow through walls, both of which are functions of freguency.
To be compatible, data for the variocus sound sources must therefore
‘be expreseed in terms of sound power spectra.

Equipment sound power spectra can be determined in three differ-
ent acoustic measurement enviromments, each having certain advantages
and certain limitations: Measurements in the free field provide not
only acoustic power spectra but also directivily information., The
faeility and test effort, however, are relatively costliy and hard to
Justify since directivity information is ususlly not needed. Meas-
urements in the near fileld do not require any special facilities and
are thus ideal for on-site tests. The test effort, however, 1is
highest due to the large number of mea.surement points and correspond-
ing datm processing required.

Messurements in the reverberant fleld require cnly moderate
facllities and the least smount of effort, This is particularly .
important whenever meny different models or samples have to be tested
at many different operating conditions, as for sound rati.ng of
typical air conditioning system componenta.

ACCURACY CONSIDERATIONS. The most 1mportant considerations in pre-
paring a test standard are the accuracy required by the intended use
- of the data as well as the total cost, including not. only the facil-
ity and instrumentation but alsec the effort required for measurements;
calibration, and data processing. Acoustie ratings for many . indus-
trial products are used not only for syster design but also for
selection amongst several competitive makes. The latter requires

the greatest accuracy, a standard deviation of + 2 4B being desirable'
in the 500, 1000 and 2000 Hz octave bands.

In order to achieve this accuracy, the standard devistlon of
each potential error scurce must, of course, be kept within corre-
epondingly tighter tolerances. . .

The followlng error scurces must be considered:

1. Incamplete space averaging of the sound pressure in the
reverberant field.

2. bimited-roomvolumer:

3. Systmtic and randem variances of calilration.
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SPACE AVERAGING. .The pound pressure in 8 reverberant field hes local
maxIme and minlms, particulsrly when the sound « ntains diserete
frequency compeonents.l Fig. 1 shows that use of & single microphone
would result in excessive errors even for brosd band sound. By
averaging N samples of the sound field teken at different locations,
the standard deviation will be reduced by & retio of ¥§. Nine
samples thus provide a standerd deviation of £ 1.5 dB for discrete
frequency sound.
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Taking this many sepsrate readings and computing the everage is
quite time consuming. A more practical solution is to average (or
integrate) the filtered and aquared microphone signal automatically
while the microphone traverses a suitable path., Theoreticelly this
is equivalent to averaging N = 1 + Exfh statistically independent
samples where X is the length of the traverse and ) is the wave-
length, &+

Experimental .'mw:st:L.g‘atj.o::Ls4 have shown that continugus averaging
1s samewhat better than predicted by theory. A widely used microphore
traversing mechaniesm with & 10 foot path thus provides better than
+ 1.5 4B standard.deviation for discrete frequency sound st frequencies
above 450 Hz, . At lower frequencies additional averaging means are
required. These may take the form of multiple and two-dimensionel
microphone traverses or of rotating sound diffusers, each of which
can double or triple the equivalent sample size.* . ‘

ROOM VOLUME.  The scoustle power output of any given sound sourée is
8 function of the impedance presented by the surrounding medium,
Reverberant roam modes may increase or decrease thls lmpedance depend-
ing on the lotation of.the source as well as on its frequency in rela-
tion to the freguenpiés of the roam modes, If the rocum is very large
campared o the wavelength, ‘there will be so many modes at a given
frequency that the effécts of individual modes cancel out, _ FPig. 2
Bhows the standard deviation for sim'g_le sources of buth discrete
frequency sound and of randem noisge. .It 15 seen that the expected.
error becames negligible 1f the roam is large encugh and that the
absorption coefficient, &, should not be extremely low.

Other factors such as room shape and proportionsz do nbt,éeem to
have any major effect on the sccurasy. : ' :

Cemputer studies®” have confirmed the theoretical curves shown
ip Fig. 2 and have also shown that the greateast contributlion to the
standard devlation comes from source positions within a quarter wave-
length of the walts. For the remainder of the roam, the standard
deviation for discrete frequency sound sources was found to be only
T0% of that shown in Fig. 2.
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Farther improvements can be cbtained by installing & large
roteting sound diffuser which averages the radiation impedance” by
continuously shifting. the modal patterns in the roam. It should be
noted that these effects cannct be obtained with fixed diffusers but
enly with moving ones, The dimensions of the diffuser should be no
less than & wavelength and the speed of rotation should be as high
as possible, 15 to 30 rm having been used successfully.”*®

CALTERATION. The space distributions of the impedance apd of the
pressure Ileld are not entirely rendam: both have always mexima at
the walls. Averages for source and microphone positions spaced at
least 1/4 vavelength from the walls are therefore con istently lower
than the true space average. A correction factor of (1 + -ﬁ% - has
been suggested for the pressure squared@and should also be eppli-~
cable to the impedance. Total corrections are tabulated below:

Prequency (for 180 m® roam) | 50 Hz ) 100 Hz | 200 Hz | 500 Hz
- dB Correction 1 5.7 | +33 | +1.8 | +0.B

The need for such correction can be avoided by calibrating the
roam with a reference sound source of known free field sound power
level, Lwy. The equipment sound power level, Lwe, is then calcu-
lated for each frequency band using the Following relation:

' Iwg = Lpg - Lpr + Lup (1)
Since equation (1) involves only the différence between the sound
Pressure levels Lpe and Lpy messwred WIEh the equipment and with the

reference sound source, errors in the sbsolute callbration of the™
instrumentation cancel out. : '

A widely used aercdynamic reference scund source 1s shown in
Fig. 3. Sources of this type bave no tendency to wear or age snd
are therefore very stable and reproducible. Flve different specimens
of this reference sound source purchased over a teh year ipterval
were recently tested and all of them were found to be within 20,5 dB

. of the meen over the entire frequency range from 100 to 10,000 Hz.

FIG. 3 ... REFERENCE SCUND SOURCE
MODEL NO. 181.0127A

AVATIABLE FROM ILG INDUSTRIES, INC.,

+ 2850 NORTH PULASKI ROAD, .
CHICAGO, TLLINOIS, 60641, USA

115/230 VOLT SINGLE FHASE 1/4 HP MOTOR
3410 RPM + 20 AT 60 HZ

2900 RFM + 20 AT 50 KZ

SEE REF. 9 FOR CALIERATION
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EXPERIMENTAL DETERMINATION OF ACCURACY. The total & aracy depends
on the stendard devistions associated with the tests of the unknown-
equipment (ce), the test with the reference sound source {op), and
the calibration of the reference sound source {og):

O otay = ¥O€ ¥ o fag (2)

As discussed above, dp can be sssumed to be no greater than
0.5 dB. op and or are the combined effects of Incomplete space
averaging and limited rocm vollme.. While the preceding discussions
provide guidelines for minimizing these errors, the actual accuracy

of a facility should be determined experimentally.

or can be estlmated essily, for each freguency band, from the
averaged band sound pressure levels, Ly to Lp, taken with the chosen
mierophone traverse, for n different positions of the reference
sound source:

Ly-m)< + (La-m)= + ... + (Ip-m)= .

CFr:'\;I(L ) {(L=m) {(Ln-m) (3)
n-1

where m i3 the arithmetic average of In to In. n should be at least

5 and preferably B to 10. If there is a moving diffuser, it should

be operating during the test.

0e for broed band sound equals op. For discrete frequency
sound an estimate of oe 1s most easily obtalped by the method
described in Annex C of Ref, 13. This procedure takes frequency
effects into eccount directly and space effects indirectly through
analogy between the frequency and space domains.

Experience indicates that the following accuracy 1s obteinable
in reverberation rooms of 200 to 300 m® volume equipped with & 3 m
long mierophone traverse and with a large rotating diffuser:

Octave Band Ttandard Deviation
Center Frequencies | Broad Band Sound | Discrete Fregquengy Components
63 Hez ~£5 dB %6 dB
125 Hz 3 dB 2 L an
250 and 500 Hz +2 dB + 3 dB
1000 and 2000 Hz * 1.5 4B + 2 4B
4000 and BOCO Hz £2° 4B + 2 dB

The accuracy for broad band sounds conteining discrete fre-
quency componente is between the values shown in the middle and the
right-hand column, depending on the intensity of the discrete
frequency ccmponents relative to the broad band component.
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