05 B
2008 £ 10

5 14 it

R

N
SPACECRAFT ENVIRONMENT ENGINEERING

455

@

Structural vibro-acoustic response under high sound intensity env1ro@€ Z

Zhang Zhengping'
(1. School of Aerospace, Harbin Institute of Technology, Harbin 150001, China;

\
/X

2. Beijing Institute of Structure & Environment, Beijing, 100076, China ) /J?

p
Abstract: This paper investigates vibro-acoustic response characteristics of structures under high sound 1@esents a response

extrapolation method based on experimental data and the results of linear extrapolation, and discusses weg&'

structures under high sound intensity environment.
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1 Introduction

Based on a large quantity of experimental data, this paper
studies vibro-acoustic response of structures under high sound
intensity environment based on statistical analytical theory.
Through analyzing vibration response data of different acoustic
loads, a structural vibro-acoustic response extrapolation method,
under the specified acoustical environment as relevant to the
experimental data, is presented. This paper also discusses the
convergence of this method, and compares it with the linear

(Fhews 2
extrapolation method. /% 14

2 Structure’s response characteristics under sound "

load / C \\
N
It is important to decide whether the structurgl) nse/

bearing on the response prediction of the strylc

convenience, we assume that the structural re
(

relation with load as follows (see figure 1) \
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Fig. 1 The relandx}\\undﬁr linear coordinates system
U? 0\G=A-P*, (1)
where: G is pov(;eﬁ s eetéil den51ty (PSD) root-mean-square

(rms) value on&tﬂgﬁural vibro-acoustic response; A4 is
coefficient; /isg @cterlstlc parameter; p is sound load.

In t oga}vlthmlc coordinate system, we have the
followin 11%,’:1 relation (See figure 2).
// K/ZOIgGZOIgAJJOkIgP @)
\ R=kP+b , 3)
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mnsny(PSD) rms value of structural
expressed in dB, R=20xIg(G/G),
is chal P is sound load
P=20x1g(p/po), po=2x10" Pa; b is coefficient
“Po, b=20x1g4-20 X 1gGy+20xklgpy.

seen from figures 1 and 2 that if k=1, the
1ﬁ between structural response and load is linear; if

kﬂ%wﬁ{e relationship is nonlinear. When £>1, the structure

where: R is pow
vibro-acoustic
Gozlgrms;
expressed in

teristic parameter;

related to (K,

intense nonllnearlty, when k<1, a weak nonlinearity.
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Fig.2 The relation under logarithmic coordinates

A structure’s acoustic experiment was carried out in dozens of
states, with nearly 100 test points of response. In one state, the
test was carried out on six different levels in the same spectral
configuration, and the test points di(p;, g;) (j=1,2...n, i=1,2...6)
on six different levels are fitted into a straight line using the
least-squares method, with k; being the gradient of the straight
line. The gradient of the point ‘n’ is shown in figure 3, whose
mean value is 0.74, with a mean square deviation of 0.11. In
figure 3, one can see that none of the test point gradient values
is greater than 1, therefore, the structure is weakly nonlinear
according to the mean value. In view of energy, the
acceleration responses of all of the test points, under each state,
expressed in dB, were added together as the energy E
characterization of the structure under this load, and the
following corresponding relations for above six test states
were obtained(see figure 4).
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Fig. 3 Curve of test point responses’ gradient 4 Structural respon lation based on

The gradient of the straight line, fitted with least-squares experimental data

. . . . . )
method, is 0.74. The structure is weakly non linear, in view of The external load of | ig%s} nd pressure, especially in
cnerey. high frequency range, ma \bfl)é thin the required range of
EAN I A e Ve 1 ‘7@% =
the present test f:

iliﬁé%h vibro-acoustic response of the
structure can beé/measured-through several tests of different
lower pressure le use of the present test facilities. To

sponse under the reference spectrum, a

obtain vibro-agoustic
- response@?@aﬁ}on method based on experimental data is

™
&
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AL A/ B developed/ na as the nonlinear extrapolation.

Fig. 4 Structure’s characteristic curve obtained from 6 types of test states ’;?
|

3 The effect of sound load characteristics on para%?g?ﬁ to extrapolate the vibro-acoustic response data,
und

f this method is using the structural characteristic
structural vibro-acoustic response ¢ same load spectrum, in several different pressure
using an energy analysis, according to the sound

p-
. . . ‘Ie\%
The structure’s vibro-acoustic response is related to the Q\E

. . . . P mission function and the required sound load spectrum.
characteristics of the sound load, including the magnitude of (|

en k is equal to 1, to every point, there are linear

the acoustic pressure, the shape of the sound spectrum and /tﬁf‘ \ dependence in log coordinate between the acoustic load and
{

spatial correlation of the sound load"". @%) power spectral density (PSD) rms value of structural
The sound pressure obviously affects the. structure-

response. The larger the sound pressure level is, the ﬁ%{hﬁ

structural response will be. But it is more complicated to-see A4=G,/p,; @

how the sound spectrum configuration and t};:%;; load

spatial correlation affect the structure responsg (an effects

vibro-acoustic response,which is given by.

where G is the power spectral density (PSD) rms value of

e structural vibro-acoustic response under the actual sound load
are found to be very significant. It can bé/se the actual . . .

. , / p1. In a linear extrapolation, the power spectral density (PSD)
experimental data that the structure’s ¢ibrg-acoustic response

. . . . rms val f structural vibro-a tic n nder thi
is greatly influenced by the configuration stic spectrum, $ value of structu bro-acoustic response under the

because the local vibration makes. rent contributions to the specified load p, is

overall vibro-acoustic response %‘ istributed load (see G; =Axp, =G Xxp,/p, (5)
figures 5 and 6). That is to sa fh{ structure’s vibration
response is sensitive to the frequenc ‘of the load, and it is also
(7 2 157) . L
f load, especially in high

sensitive to the wavelength (o
frequency region, when the | wavelength is described by

corresponding to each of spectrum density curves. Considering
the structural characteristic &, the vibration response root-

mean-square value of a nonlinear extrapolation under the

the spatial correlation : E/ ) sound load. Therefore it is specified load p,, is

important not only ¢onsidering the sound pressure, but also RMS, = Q@RS == (B, =dB) 120

considering the /haBE\ the acoustic spectrum and the spatial ) o

correlation of th@ﬁ load in the acoustical test. G, =G, x(RMS, | RMS,)
LS‘”/\‘\ . oo ——toma2 Jovee Ry, =20x1gG, =20x1gG, +20x1gp, ~20x1gp,
160 \> ‘,‘// I - —_
f\\‘s// =20x1gG +5 -R ©)

[ (
7;//’73’ \\J/‘ s ' The relationship of RGz and p, can see fig.7.the Equations

[ 1a5f 8

\\\1/5 /\\‘ o above are correspond to every line spectrum of spectral density.
& / 130 Considering the nonlinear behavior of structure, that is
150 12s consider the situation of k>1 or k <1, is given by

A=G,/ p* (7

Fig. 5 Sound loads of two different spectrum configurations
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Where G is the power spectral density (PSD) rms value of
structural vibroacoustic response of actual vibroacoustic loads
P2, according to nonlinear extrapolation, power spectral
density (PSD) rms value of structural vibroacoustic response
G; under given loads p,, is given by
G, =G xp,/ p ®)
R'G2 , The power spectral density (PSD) rms value of
structural vibroacoustic response(dB) is given by
RG‘2 =10x1gG, =10x1g G, +k*x10x1g p, —k*x10x1g p,

=10x1gG, +k(P, — F) 9
The relationship of R'G? and p,, see fig.7. The Equations above

are correspond to every line spectrum of spectral density.

Ra,

Ra,

Ra,
Ra,

P, P,

Fig. 7 Relation of RG2 N R'G and p,
2

nonlinear extrapolate,are given by
A=R, ~R, =R -R-k(R-R)=(1-kK(R-R)

2

The following is how to obtain the nonlinear ex

A

QEl%pectrum pi

vibro-acoustic response power spectrum density/curve\under
specified load p,. 7 -
To minimize the error due to spectrum efféct
should be consistent with the spec 5 iy application.
Acoustic tests of three pressure levels wi rriedout for a
structure, whose load spectra are | ally consistent with the
required spectra in sound transr}%@ction tests. The &
value obtained here by ﬁtt}'/?Na (0.76) is basically
consistent with the value n@ﬁg/y@ﬂfn the section 2, which
shows that the structure has@%c\h\cﬁaracteristic parameter.
There are a hundreq‘/()ﬁpqip s in the structure’s sound test,

some in the cabin W

“and joint frame, and others in
instruments and i i gAent. Therefore the characteristic
parameters of tl}q//ﬁr@fure were obtained for sectors and by
fitting data %]\@Ehﬁ/ method. Table 1 shows the results.
Structure’s %ﬁ?ﬁgﬁﬂistic parameters, for the vibro-acoustic
respons?f/tﬁ\\ e-sdme type of load, were obtained by fitting
er§ \;Liffgd}bnt points. The results in table 1 show that
a

T: li/gryucture’s characteristic parameters obtained by fitting data

teristic parameters thus obtained are convergent.

& under different states
10 30 50 70 90 | On frame | Out of frame | All
k |0.67]0.74 |0.74 | 0.74 | 0.76 0.75 0.74 0.74

i

5 Comparison of linear and nonlinear extrapo}r
Figure 8 shows the specified load spectrum for a sﬁéctlﬁéﬁs
acoustic test, which is out of the range of ngsé, /
experimental facilities. Therefore, the sour
function test was conducted first in the actudltes
shows the actual load spectrum with the s@i}\c\n\f)guration as

required. From the sound vibration respoﬁ\ 79§ach point, the

\gﬁ{%éér and nonlinear
extrapolations. Table 2 shows the r u“é;:/)

Table 2 Comparison between line {extr
extrapolation(®) (Ul%té%)\

1z | 2%~ Q‘Z
52 [108]18.4] 5.1
39182139130
72149754 7.0
150 [104]17.7] 49
8.6/]17.8]302] 8.3

57 11.9]20.1] 5.5

mission

Figure 9

structure’s response is extrapolated

ation (D)and nonlinear

3x
62.6
47.6
86.4
60.2
103
67.2

3z
41.0
31.0
56.5
39.3
67.2
44.7

4x
4.8
3.6
6.7
4.7
7.9
5.3

1x
10.1
7.6

14.0(113
9.7 79
16.6[ 132

11.11 8.9

4y
3.6
2.7
5.0
35
5.9
3.9

3y
52.6
39.8
72.6
50.6
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Fig. 8 Pressure spectrum density curve under the required test load and 1/3 OCT
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Fig. 9 Pressure spectrum density curve of sound transmission test and 1/30CT

From the table, it is shown that some vibro-acoustic
response of structure exceeds 100g,,, using the structural
linear extrapolation method. According to engineering
experience, it is impossible. With nonlinear extrapolation, the
structure’s characteristic parameter is first obtained, and then
structure’s acoustic vibration response is extrapolated, and the

structure’s vibration response is significantly reduced.

6 Conclusion

Based on data analysis of structure’s sound vibration
response, this paper shows that sound load characteristics,
especially, the sound load spectrum and the spatial correlation
of the sound load, have a great effect on the vibro-acoustic
response; a structure’s vibro-acoustic response extrapolation

method is proposed. It is shown that this response is usually
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not linear; parameter k is defined to describe this characteristic.
This method is used in the actual experiment, and the results
are compared with linear extrapolation, and the structure’s

response is significantly reduced.
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