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Sound power determination is the most usual way of characterizing an acoustic
source. The sound power is defined as the total net flow through a measurement
surface encloasing the source :
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The acoustic¢ pover flux density I = 1.7 was conventionally approached by RMS
pressure meagsurements. Now, are appearing methods for direct meagurements of
acoustic intensity. Thus, the use of sound intensity meters gives an acous-
tic pover determination without the well known systematic errors generally
attributed to normalized methods. If this determination is well unbiased,
random errors still remain depending on many perameters the influence of which
we must try to define.

MEASUREMENTS UNDER FREE FIELD CONDITIONS

Free field conditions are ideal to determine sound power of sources. However,
standardized methods using pressure measurements lead to the approximatien
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which specific errors over—eatimate the result [1,2]

W' = W+ AW} + AW
These errors are i
- HNear-field errors : Considering <p?>/pc 1is equivalent to the true energetic
value [I|, we suppose the impedance at the measurement point equal to the spe-
cific acoustic impedance pc of the medium. In the near-field of industrial
sourcea, this impedance iz generally complex and this approximate expression
(2) pives a near-field error . .
<p?>
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-~ Geometrical errors : The acoustic power flux density through the surface
corresponds to the normal component of the intensity vector. If we neglect
near-field error, pressure measurements supply values equivalent to the magni-
tude of T .

The best enclesing surEace is the one in which the normal direction coincides
with the sound intensity vector. Any other surface leads to an over—estimation
by geometrical prejection errors :
- -
By = STl ds - S 1.0 ds )

However, accurate results can be obtained in an anechoic chamber from the scalar
quantity <p?> fpc if an hemisphere encloses a source of small dimenaions.

In practice, we are generally obliged to choose a parallelepiped surface (which
is more suitable to the geometry of the machine) situated in the near field.
Experiments show that predsure measurements considerably exceed the normal
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intensity values |3]|. With direct intensity measurements, near-field and Projec—
tion errors vanish. If, the systematic phase errors in the two-microphone method
are removed, the sound power determination from intensity measurements leads to
an unbiased resule.

In practice, the surface intepral of flux is replaced by a finite number of
individual measurements of normal intensity. In this case, "finity errors" appear
if pampling conditions in comnection with spatial fluctuations of the sound field
are not gatisfied. The magnitudes of these fluctuations depend on the aource
directivity but also on the choice of the surface shape. Mote precisely

l field to - l intensity ﬂ

sampling vector field , surface shape l

With large sources or in presence of a ref1e§ting plane there are circulations
of the intensity vector field (the curl of is not equal to zero) in the
neat field of sources and this tends to increase the spatial variations,

To study sampling effecta, Elliott |4| uses a spatial harmenic analysis of the
pelar directivity of sources, An over-sampling enables to process the gpatial
spectrum and to determine from the Shannon-Nyquist criterion the minimum number
of measuring points. This procedure can be used ap a powerful laboratory method
to study the influence of the type of sound sources and the choice ¢f surface
shapes. Often, industrial congraints do not allow to know if sampling require-
ments are verified. Then normal intensities on the surface are congidered as
having a spatial random distribution. The sound power estimated over a Finite
number N of measuring peints leads to a statistical incertitude, the normalized
standard error €; of which is associated with the variance of In on the closed
surface [5| as follows : 1
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INFLUENCE OF THE ACOUSTICAL ENVIRONMENT

If one follows the principle of integration over a closed surface, the contribu-
tion of pources located outside ig equal to zero :

By T8 5ds = o (6)

This important theoretical advantage is due te the law of conservation of energy
flow (Gauss' law) which does not apply of course when measuring pressure. In this
last case, extrancous conttibutions produce a biag error which can be more

higher than the value due to the gource radiation, In practical intensity measu-
rements, the sampling of integ*gl (6) keeps the characteristic of noigse supres-
sion. The flux of the vector which comes into and out the enclosing enve-
lope increases the variance of the resultant I, according of the rate of
variation of the perturbation field,

INFLUENCE OF STATISTICAL ERRORS IN ACOUSTIC INTENSITY MEASUREMENTS

The preceeding statistical errors was associated with the proeedure of sampling
the enclosing surfece with a finite number N of exact values of resultant inten-
sity In . In fact, industrial sources produce a broad band noise, estimate of

which is determined by the resolution bandwidth B of the analysis and by the
time averaging T.
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The intensity meters using the two-microphone method give measuring incertitude
related to phase and coherence of the pressure cross-gpectrum 6|. To summarize
these randem errors we consider the cross-spectrum averaged on the surface @
< §2i > = % I {821}, (7}
i i
The statistical instrumental ertor of the sound power determination is expressed
by the following normalized standard error |5 .

L ((gly +1) + cotg? 3,y gz - 0} ° (8)
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The ccherence yil and the phase §z) correspond to the averaged crosg=-spectrum
<8215 . The normalized standard error is considerably sensitive to thase parame—
ters in low frequencies. They are determined by the nature of sound field and
may be useful to give a concise and synthetic deacription of environmental condi-
tions,

€2 =

DISCUSSION

The total incertitude on the sound power determination can be expressed from two
independent terms 3
g, = \ &t +ed’
These two terms depend both on nature of perturbating extermal sound field and
of its spatial distribution and also of the number of measuring points. The
normalized standard error £ depends also on the B,T factor, equal to the number
of ensemble averages used in FFT processing, The optimal condition for measure-
ment is obtained when the importance of twe terms €) and €2 are equivalent. In’
practice, the value of the normalized standard error ) is_not know but g, can be
obtained from a variance estimate of the measuring values 1 . Coherence function
and phase angle spectrum give an estimate of ¢2. Then, it is possible to deter=-
mine an optimm value for T. Finally, the desired accuracy for the scund power
determination leads to choose the number of measuring points.
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