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Acoustic excitation response and fatigue life analysis and test verification

of thin-walled structure under high temperature environment
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Abstract: To solve thermal-acoustic fatigue of aero-engine thin-walled structure, the
coupled finite element method/boundary element method was used to calculate dynamic re-
sponse of GH188 thin-walled structures. Based on the theory of Miner liner fatigue accumu-

lative damage, an improved rain-flow counting method and a Morrow mean stress model
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were adopted to estimate the fatigue life of thin-walled structures. With the use of high tem-
perature travelling wave tube tester, GH188 thin-walled structure high temperature acoustic
vibration fatigue test was conducted to obtain modal frequency, stress/strain response and
fatigue life results of thin-walled structure under different temperatures and acoustic loads.
It was shown in the contrastive analysis of the simulating calculation and test results that nu-
merical simulation had accurate location judging for structural damage positions, all in the
rooted positions of structures. The first-order thermal modal frequency was of consistent
structures, with errors between 0. 49% —2.09% , and X-stress response peaks were centered
on fundamental frequency. With the rise of temperature, structure softening and stiffness re-
duction occurred, and response peak moved to the left; as the prediction level was consistent
with the experiment, errors were between 1% — 3%, validating the accuracy of thin-walled
structure calculation method and model thermal-acoustic response. Structure fatigue life
showed a decreasing trend with the increase of temperature and sound pressure level, and the
predicted value of fatigue life and the test result were in the same order of magnitude, with
the error between 3—3. 5 times, satisfying the requirements of engineering level life predic-

tion, and validating the effectiveness of simulation method for predicting thermal-acoustic fa-

% 33 &

tigue life of thin-walled structure.
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Table 1 Material physical parameters of GH188 at

different temperatures

W/ wpERCR ks IR W/
C /GPa 3 (10°°/°C)  (kg/m")
0 213 0. 300 11.4 9090
150 199 0. 307 12.2 9090
300 184 0.313 12.9 9090
450 170 0. 320 13.7 9090
600 156 0. 326 14.4 9090
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WZl/s  BOEREE/C O SHINRE/C O #WE/N
3000 150 450. 3 0. 07
4000 450 451. 2 0. 27
5000 450 450. 4 0.09
6000 450 449.2 —0.18
7000 450 450. 7 0.16
8000 1450 450. 2 0.18

K 12
Fig. 12

o it P 9 2 1 8 A 7000 A 3
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Table 3 The first order thermal modal frequencies of

thin-walled structure at different temperatures

JELRE ) 55 1 B LSRR / Ha B/
© B ORI Rk 2 K3 %
0 89. 23 90. 82 90. 23 90. 08 1.28

150 86.55  87.40  87.36  86.82 0.74
300 82.76  83.25 83.04 83.21 0.49

450 79.50  81.29 81.14  81.06 2.09

600 76.25
96 - -
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Fig. 13  Characteristics of structure fundamental
frequency varying with temperature of simulation

and test
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