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1. INTRODUCTION

Prediction oi noise radiated from machinery is a very difficult problem
because at the complexny oi the vibration iields groducmg noise. The
clasSical Green's function ormulation solve the pro lem using pure tone
Signals Wich necessitate'a very good knowledge at Vibrations, including
modulus, and hase. this is qune impossmle in machinery due to structure
compleXity. he necessny oi finding. appro riate method to predict
radiation irom machinery is then prious. ur idea is to predict the
acoustical behaviour usnga quanti not so sensitive as the pure tone
pressure radiated. As in S. .A. we wi introduce frequenta band averaged
quadratic quantity. in order to get a method (The FA P method) .at
reduces the inionnation necessary tor calculations and also the computing
time. The theory. Wlll be presented on the‘ case of a battled late
mechanically excned radiating in a semi iniinite acoustic me ium.
Experiments have belen'done to check the validity oi the method (number
of mechanical excnalions, iar field condition, average frequency
bandWIdth, number at Vibrating velomly points).

2. THEORY

The methods of prediction generally calculate the pressure at a given
ire uency in modulus and phase, on the contrary the experimental
aria sis of radiated noise is mainly 'made on irequency averaged
qua ratic pressure: Compared to experiments. the prediction gives nori
necessary rnlormation. that necessrtates hea calculations. To better tit
With experimental reality and also to 51mph calculations, the direct
calculations of frequency band uadratic pressure is very convenient: The
theory yet presented [1] is recal ed on the case oi a ball ed plate radiating
in a semi infinite acoustic medium.
The pressure can be calculated with the Rayleigh Integral [2]

W”
(1) p(M)=-o i—«Qw

3 7.1: R

Pioceedinge ol lniemcise 95 1267

 



   

   
   

    

   

      

    

   

   

  
   

    

Guyeder E Loyau

Where Fi=|QMJ distance between the two points M and O, A(Q) is the
plate acceleration at point 0, p is the fluid density and S the plate area. To
simplify the prediction let us first calculate the square of the pressure
modulus

(2) MW = 9‘! I if47:

-Il(R-R')

R.R'

 

A(Q) A'(Q') dQ 40

This quantity is real and positive instead of complex like the pressure. This
is a first regularization, however the pressure modulus can vary rapidl
with frequency and space and is still diiticult to predict. To obtain a smoot
quantity one has to make an average of 1p M) 2. We have made a
frequency average over a band A of center angu ar requency 9

z -,'z n—n’ man

(3) <|p(M)|’) = 151A“ Rik. )A(Q) A'(Q')> deQ' with ( )=% jam
n-uz

 

Let us remark that the term e"“’ is generall slowly variable compared to
the exponential term e” appearing in Rayleigh integral (1). the difference
between R and R' can be small w atever the point of the plate. when the
pressure is calculated in the far field of the plate.
_ hg)property suggests to use an asymptotic expansion of the exponential
in

e ‘ F

_E_t _[—j—(R—R)(4) elfiknl=e/:(RR)II+Z c ]: withw=n+e

Fl [7'

In making use of (4) and (3) one obtains

 

(5) (Ip(ml’)=fi is 9 RR. [(A(Q)A (Q ))+§G,] deQ
with

dim—12') ,
(s) G, = < ‘T—MQ) A(Q)>

The question is now : what is the number of terms Gp necessary for
convergence. This is related to the value of the term slo(Fi-Fi') .lt is not
related to the central irequen (u) but to the band of averaging. the
maximum value of a being N2. or practical application the approximation
at zero order is generally sufficient, equation (5) reduces to

-/5(R-n' >
(7) (|P(M)|1)=%Js is e R. (Am) A'(Q'))dQ dQ'
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The pressure square modulus iield is directly related to the term <A(Q)
A(Q‘)> : it is the irequency average of the product oi structural

acceleration at each point 0 and Q'.The classical problem (eq. 51)) needs

the knowledge of the acceleration at each point at a given requency.

When people is interested in calculating the pressure radiated irom
measured plate vibrations it appears generally a problem with the hase,

that vary more or less randomly, except at resonance lrequencies. hus it

is quite impossible to apply (1) in this way, particularly for reverberant

structures submitted to complicated excitations.
On the contrary, expression (7) seems particularly adapted to such cases

as the term <A(Q) A‘0‘> is no more sensitive to large lluctuation because

of averaging over irequency. Let us also. notice that non coherent

vibrations atcroints Q and 0' leads to <A(Q A0‘>=0, giving no contribution

to the soun radiated. The expresssion 7) gives also the possiblity cl

separating radiation oi 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 steel battled plate (1m x 1 m x

0.004 m) radiating in a semi-anechoic room. Vibrating veloci has been

measured with a LASER vibrometer (POLYTEC OFV 3000). he optical

fiber was automatically located at the oints oi a regular mesh. The
pressure has been measured by a V2" Ba 2671.
a Number of vibrating points
T a ti ure (1) shows the measured averaged pressure and the calculated

one ( AQP) for two regular meshes. 121 and 36 points. The irequency

bandwidth was 200 Hz. The location oi the acoustic pressure point was

(x=0.53. y=0.8 and z=3.B m). The plate was excited with an

electrodynamic shaker. As in the narrow irequency analysis. it appears a

cut off irequency depending on the size of the mes [3.4].

b) Distance between the vibrating structure and the acoustic
gressure point (R)
everal cases have beeninvesti ated in order to test the condition oi tar

acoustic field induced by one o the FAOP approximation. These tests

show that the calculated pressure stays close to the measured one for R

going lrom 1 to 4 m.
c) Number of mechanical 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 (tig.2 a,b,c). Each source was an electrical motor with 4

fixation oints and with approximately the same electrical power than the

others. he velocity was measured on a regular mesh of 121 points (11 x
11). The location of the acoustic pressure point was (x=0.53. y=0.8 and
z=3.B m). The irequency bandwidth was 200 Hz. As expected. the
increase 01 sources decrease the base relations between each vibrating

point and so increase the quality 0 FAOP's results.
d) Frequenc bandwidth
The ii ure 3 shows the measured averaged ressure and the calculated

one A0 ) lor three irequency bandwidt 100. 200 and 400 Hz
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respectively (fi1g.3 a,b,c). The velocity was measured on a regular mesh of
121 points (1 x 11). The location of the acoustic pressure point was
(x=0.53. =0.8 and 2:3.8 m). The plate was exclted with one artificial
source. he 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 ives the radiated pressure at a
given ire uency in phase and modulus. he method presented in this
paper (F QP) pro oses a calculation more realistic in the case of
machinery noise. T 9 curves show that the cut off freguency dependin
on the mesh is present whatever the bandwith is. slow the cut 0
frequency, increasing the averaging frequency band permits to reduce the
difference between measured and predicted pressure.
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E1331sz : Measured and calculated fFAOP) pressure radiated in the far
field of a steel baffled plate for severe number of vibrating velocity points.
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Elam : Measured and calculated (FAOP) pressure radiated in the far
field of a steel baffled plate ; frequency bandwidth : (a) 100 Hz, (b) 200 Hz
and (c) 400 Hz.
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