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Vibration response experimental verification and fatigue analysis
of thin-walled structures to thermal-acoustic loads
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(Liaoning Key Laboratory of Advanced Measurement and Test Technology
for Aviation Propulsion System, Faulty of Aerospace Engineering,

Shenyang Aerospace University, Shenyang 110136, China)

Abstract: Metallic thin-walled structure under thermal-acoustic environment shows
complex nonlinear vibration response characteristics of large deflection, affecting fatigue per-
formances and life of structure. Thermal-acoustic responses of superalloy thin-walled rectan-
gular plates with four edges clamped were calculated by combining finite element method and
reduced order modal method. Research showed that buckling structures could exhibit snap-
through motions which were decided by relative strength between thermal loads and acoustic
loads, and stress cycle showed a triangular distribution. The Miner linear accumulative dam-
age theory was employed in conjunction with improved rain flow counting method and Mor-
row mean stress model to calculate thermal-acoustic fatigue life. From pre-buckling to criti-
cal buckling, the damage level of stress cycle increased significantly from 10™° to 10" *, and
with the increase of temperature, the fatigue life showed a trend of decrease at first and then

increase. The thermal-acoustic experiment of thin-walled structure was carried out to make a
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comparison between the results of simulation and experiment. Results showed that the devi-

ation of structural modal frequencies was less than 1 Hz, and strain responses of calculation

and experiment results had a good alignment, validating the effectiveness of calculation

method and model to thermal-acoustic responses.
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thermal-acoustic loads; nonlinear vibration responses; fatigue life;

buckling; snap-through; experimental verification
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RE/C
28
20 450 600
E/GPa 213 170. 37 155.5
pr 0. 301 0.320 0.327
a/107°°C ! 13.4 13.7 14. 4
0/10% (kg/m*) 9.09 9. 09 9. 09
G/ (W/C)H 15. 4 20. 1 27.1
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Fig.2 Geometry model (unit:mm)
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The first order thermal modal frequencies of

=2
Table 2

thin-walled structure at different temperatures

L/ C WA/ Hz R/ C WA/ Ha
25 386 150 307
50 347 175 335
75 194 200 350
100 257 225 421
125 293 250 481
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Fig. 29 Fatigue life change with the

buckling coefficient
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Table 3 The first order peak frequencies of strain

response at different points
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Tl W2 WA =3 W4 Hz
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100 256 256 256 256 256
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250 478/482 478/482 478/482 478/482 482
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Table 4 The first order natural frequency of structure

at different temperatures

$i %/ Hz
W/ C -
e H A
50 347 347
100 256 257
150 306 307
200 350 350
250 482 481
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