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METHOD STUDY ON RESPONSE PREDICTION OF STRUCTURAL VIBRATIONS IN
SPACECRAFT ACOUSTIC TESTS Y
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Abstract Spacecraft dtier severe acoustic environments in the course of launching along with launch vehicles. Acoustic
tests should be done to check up whether the spacecraft work well wiiiegisg acoustic environments. Response
properties of structural vibrations during acoustic tests for spacecraft should be considered in the structural strength desigt
Moreover, they are important foundations for specifying the random vibration test conditions of the spacecraft equipment
mounted on the structural boards. Therefore, it is necessary to predict the structural responses due to acoustic loads
the preliminary stage of spacecraft development. In this paper, a finite element model of a spacecraft structure is buil
using the commercial finite element analysis software MSC.Patran and MSC.Nastran. The sound pressure level spectrul
of acoustic loads is transformed to the power spectrum density of fluctuating pressure. And then, the random vibration
responses of the spacecraft structure under the acoustic loads are analyzed using the modal method. The simulation rest
are compared with the acoustic test results. In the simulation analysidfehtsef the damping ratio model and the fluid
added mass are studied. The research shows that: using an empirical damping ratio model that the damping ratio decrea:
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with the rising of the frequency can do a better response prediction for the medium-high frequency properties as well as
for the total root mean square results; further using the virtual mass method to consider the fluid addeteoiasme

do a better response prediction for the power spectrum density results. The proposed simulation method in the article
is convenient for modeling andfiient for computation, which is appropriate for the response prediction of structural

vibrations in spacecraft acoustic tests in the preliminary stage of spacecraft development.
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Fig. 1 Finite element model for a spacecraft structure board
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Table 1 Acoustic test conditions

Octave center frequenty Sound pressure level Test tolerance

Hz dB dB
315 128 +5.0
63 132 +5.0
125 135 +3.0
250 138 +3.0
500 137 +3.0
1000 136 +3.0
2000 134 +3.0
4000 132 +5.0
8000 130 +5.0
total sound pressure level 144 +15

Note: 0dB reference pressure is 200°Pa.
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Fig. 3 Comparison between simulation results (damping ratio 0.03)

and test results
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Fig.4 Empirical damping ratio model
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Table 2 Error analysis between simulation results and test results
Simulation results Test results Relative efu@
damping ratio 0.03 11.54 15.390 -2.5010
total root mean square - i )
acceleratiopy empirical damping ratio 16.59 15.390 0.652 2
i irical d i tio & virtual
response point 1 empirical damping ratio & virtual 14.99 15 390 Py
mass method
damping ratio 0.03 4.077 3.890 0.2039
peak value of power spectrum - i )
density (g2 - Hz1) empirical damping ratio 6.546 3.890 2.2600
empirical damping ratio & virtual
4.077 3.890 0.2039
mass method
damping ratio 0.03 6.585 10.72 -4.2330
total root mean square - i )
acceleratiofig empirical damping ratio 10.37 10.72 -0.2883
response point 2 empirical damping ratio & virtual 9.370 1072 11690
mass method
damping ratio 0.03 1.072 0.7092 1.7940
peak value of power - i )
spectrum densit(g? - Hz"Y) empirical damping ratio 1.811 0.7092 4.0720
empirical damping ratio & virtual
1.508  0.7092 3.276 0
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