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Table 1 Results by natural frequency calculation and testing of the aircraft model

result by natural frequency result by natural frequency
order caleulation f, /Hz testing f, /Hz error & /(%)
1 138.31 137.69 0.27
2 171.11 179.31 4.41
3 186.58 188.38 1.11
4 218.01 214.00 1.81
5 242.99 243.69 0.28
6 278.39 272.31 2.20
7 293.18 296.63 1.10
8 349.38 351.56 0.59
9 353.87 354.19 0.09
10 381.48 383.50 0.51
11 401.14 401.06 0.21
12 407.49 408.38 0.19
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Fig.6 Installation scene and lifting mode of the aircraft model test
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Fig.7  Vibro-acoustic coupling model of the aircraft structure
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Fig.10  Comparison of numerical simulation with Fig.11  Comparison of numerical simulation with
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Noise-Induced Vibration Experiment of Aircraft
Structure and Vibro-Acoustic Coupling
Response Analysis

ZHANG Guo-jun, YAN Yun-ju, LI Peng-bo
(School of Mechanics, Civil Engineering and Architecture, Northwestern
Polytechnical University, Xi’ an 710129, P.R.China)

Abstract: Aimed at the hypersonic aircraft X-43A in the research, the FE model was estab-
lished. Natural frequency testing of the aircraft structure model was performed. The numerical
values of natural frequency were compared with the experiment results, with errors at about
1% , which showed that the FE model of the aircraft was correct. A noise-induced vibration ex-
periment of the aircraft model was completed in the high intensity sound laboratory, which
could obtain the results of PSD and noise pressure. Comparison of the numerical simulation val-
ues with the experiment results shows that the method of numerical simulation is reliable in
prediction of the vibration and noise environment of the aircraft cabin. The trend of the numeri-
cal vibro-acoustic response is well consistent with that of the test results: there is little differ-
ence in low-frequency range. The elastic cavity structural vibration of the aircraft model caused
by high-frequency noise field outside the cavity makes the main components of structural vibra-
tion, especially for the low-order structural vibration. Noise in the aircraft cabin transmitted
from the outer noise field is through the low-order vibration of the aircraft shell. The main com-
ponents of the response noise frequencies in the closed cabin belong to structural low-order mo-

dal vibration, even if the noise excitation outside the cabin is broadband.

Key words: aircraft; noise-induced vibration experiment; vibro-acoustic response; experimen-

tal verification



