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1. INTRODUCTION

Prediction of noise radiated from machinery is a very difficult problem
because of the compl_ean of the vibration fields groducmg noise. The
classical Green's function tormulation sclve the problem using pure tone
signals wich necessitate a very good knowledge of vibrations, inciudln%
modulus and phase, this is quite impossible in machinery due to structura
complexity. The necessity of finding appropriate method 1o predict
radiation from machinery ‘is then obvious. Cur idea is to predict the
acoustical behaviour psnga quantity not so sensitive as the pure tone
pressure radiated. As in §.E.A. we wifl introduce frequemg band averaged
quadratic quantity, in order to get a method (The FAQF method} that
reduces the information necessary for calculations and also the computing
time, The theory will be presented on the case of a baifled plate
mechanically excited radiating in a semi infinite acoustic medium.
Experiments have been done to check the validity of the method (number
of  mechanical excitations, far field condition, average frequency
bandwidth, number of vibrating velocity points).

2. THEQRY

The methods of prediction generally calculaie the pressure at a given
frequency in modulus and phase, on the contrary the experimental
analysis of radiated noise is mainly made on frequency averaged
quadratic pressure. Compared to experiments, the prediction gives non
necessary information, that necessitates haavy calcutations. To better fit
with exparimental reality and also to simplify calculations, the direct
calculations of frequency band quadratic pressure is very convenient. The
theory yet presented [1]is recalled on the case of a bafiled plate radiating
in a semi infinite acoustic medium.

The pressure can be calculated with the Rayleigh Integral [2]
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Whera R=|QM) distance between the two points M and Q, A(Q) is the
plate acceleration at point Q, p is the fluid density and S the plate area. To
simplify the prediction let us first calculate the square of the pressure
modulus .
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This quantity is real and positive instead of complex like the pressure. This

is a first regularization, however the pressure modulus can vary rapidt

with fraquency and space and is still ditficult to pradict. To obtain a smoot
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Let us remark that the tarm e*™™ is generally slowly variable compared to
the exponentia! term ¢*" appearing in Rayleigh integral (1), the difference
between R and R’ can be small whatever the point of the plate, whan the
ressure is calculated in the far field of the plate.

_ h;g)property suggests to use an asymptotic expansion of the exponential
n
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In making use of (4) and (3) one obtains
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The question is now : what is the number of terms G, necessary for
convergence. This is related to the value of the term e/c{R-R) .1 is not
related to the central frequency (£2) but to the band of averaging, the
maximum value of e being A/2. For practical application the approximation
at zero order is generally sufficient, equation (5) reduces to
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The pressure square modulus field is directly related to the term <A{Q)
A@)> ; it is the frequency average of the product of structural
acceleration at each point Q and Q'.The classical problem (eq. }1 )) neads
the knowledge of the accaeleration at each point at a given frequency.
When people is interested in calculating the pressure radiated from
measured plate vibrations it appears generally a problem with the phase,
that vary more or iess randomly, except at resonance frequencies. Thus it
is quite impossible to apply (1) in this way, paricularly for reverbarant
structures submitted to complicated excitations.

On the contrary, expression (7) seems particularly adapted o such cases
as the term <A(Q)} A'Q'> is no more sensitive to large fluciuation because
of averaging over frequency. Let us also notice that non coherent
vibrations at Jaoints Q and Q' ieads to <A{Q) AQ'>=0, giving no contribution
to the sound radiated. The expresssion z?) gives also the possiblity of
separating radiation of independent zones of the structure where the
averaged product is small.

3. VALIDATION OF THE METHOD

Several measurements and calculations have been done in order to show
the influence of all parameters included in the formulation (7). For all the
cases presented here, the structure was a stesl baffled plate (1m x 1 m x
0.004 m) radiating in a semi-anechoic_room. Vibrating velocity has been
measured with a LASER vibromater (POLYTEC OFV 3000). The optical
fiper was automatically located at the ﬂoints of a regular mesh. The
1 pressure has been measured by a ¥2" BaK 2671.

aLNumber of vibrating peints
The figure (1) shows the measured averaged pressure and the calculated
one (FAQP) for two regular meshes, 121 and 36 points. The frequency
bandwidth was 200 Hz. The location of the acoustic pressure point was
(x=0.53, y=0.8 and z=38 m). The plate was excited with an
electrodynamic shaker. As in the narrow irequenc% analysis, it appears a
cut off frequency depending on the size of the mesh [3,4].
b) Distance between the vibrating structure and the acoustic
gressure polnt (R)

averal cases have been investigated in order to test the condition of far
acoustic field induced by one of the FAQP approximation. These tests
show that the calculated pressure stays close to the measured one for R
going from 1to 4 m.
¢) Number of mechanlcal excitation sources
The figure 82) shows the measured averaged pressure and the calculated
one (FAQP) in the cases of one, two and three real mechanical excitation
respectively (fig.2 a,b,c). Each source was an electrical motor with 4
fixation points and with approximately the same electrical power than the
others. The velocity was measured on a regular mesh of 121 points (11 x
11). The Iocation of the acoustic pressure point was (x=0.53, y=0.8 and
z=3.8 m). The frequency bandwidth was 200 Hz. As expected, the
increase of sources decrease the phase relations between each vibrating
point and so increase the quality of FAQF's results.
d} Frequency bandwidth
The figure {3) shows the measured averaged prassure and the calculated
one (FAQP) for three frequency bandwidth 100, 200 and 400 Hz
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respectively (fig.3 a,b,c). The velocity was measured on a regular mesh of
121 points (1T x 11). The location of the acoustic pressure point was
{x=0.53, y=0.8 and z=3.8 m). The plate was excited with one anificial
source. The curves show that the discrepancies between calculated and

measured results do not increase a lot for these three frequency
bandwidth,

4.CONCLUSIONS

The prediction of the vibroacoustic behaviour of structures is generally
done with the integral equation method. It gives the radiated pressure at a
given frequency in phase and modulus. The method presented in this
paper (FAQP) proposes a calculation more realistic in the case of
machinety noise. Tha curves show that the cut off fre uency dependin
on the mesh is present whatever the bandwith is. Below the cut o
frequency, increasing the averaging frequency band permits to reduce the
difference between measured and predicted pressure.
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Eigure 1 : Measured and calculated {FAOP) pressure radiated in the far
field of a steel baffled plate for several number of vibrating velocity points.
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: Measured and calculated (FAGP) pressure radiated in the far
field of a steel baffled plate ; Number of mechanical excitation sources :
(a} 1 motor, (b} 2 motors and (c) 3 motors.
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: Meoasured and calculated (FAQFP} pressure radiated in the far

field of a steel baffled plate ; frequency bandwidth : (a) 100 Hz, (b) 200 Hz
and (c) 400 Hz.

1272

Procesdings of Internolse 96




