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ABSTRACT: The work aims to investigate the stress response characteristics of thin-walled connection structures under ther-
mal shock and random vibration environments. A high-temperature random vibration response analysis of thin-walled structures
was carried out based on the nonlinear large deflection vibration theory, while combined thermal-vibration tests were conducted
simultaneously. A random vibration response analysis of thin-walled connection structures in the thermal shock environment was
performed based on the verified calculation and analysis method and the heat-flux-solid coupling theory. The base frequency er-
ror was less than 4%, and the axial stress error was less than 2.4%. With the increase in temperature, the peak of the stress re-
sponse of the thin-walled connection structure shifts to the left, and the stress response trend remains unchanged. The flow rate
within the range of 100-140 m/s has a relatively small influence on the stress response trend of the thin-walled connection struc-

ture. As the flow rate increases, the corresponding value of the structural stress increases slightly. The vibration level is posi-
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tively correlated with the axial stress of the thin-walled connection structure. Moreover, as the vibration level increases, the

structural stress changed significantly. The temperature range of 150-450 ‘C plays a dominant role in influencing the axial stress

of the structure.

KEY WORDS: thin-walled connection structure;heat-flux-solid coupling;random vibration; stress distribution; modal fre-

quency; experimental verification
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Fig.1 Structural dimensions of test piece
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Tab.1 Material parameters of GH188

4°C EIGPa  u /(10 C™) pl(kg-m™) x/(W-m-CY

150 199 0.307 12.2 9090 16.2
300 184 0.313 12.9 9090 18.5
450 170 0.320 13.7 9090 20.1
600 156 0.326 14.4 9090 271

FER RN S X B, S B BROCEOR I 2 fr
o XHRE AT IR AT, INEACRIEE N 70~
95 Hz [1)-F- % B MLYR S 3 il , LA B PSD B =28,
gy = 3 iR . BEHLIRShzR A L3 2, iRERR
JEk 450 °C, XFHRIRE N 25 C, AR HAFFE LA
x BT N R, S SCRTRR AR N T 2 ¢ Sk 25,
450 CHY, EFET 6 B4R I3 3.

K2 A R R
Fig.2 Finite element model of test piece
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Fig.3 Loading method of random vibration load
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Tab.2 Random vibration load

BEPLIRBN B SHlg  BRILEI/Hz PSD/(g?-Hz?)
2.0 70~95 0.159 3
2.4 70~95 0.229 4
2.8 70~95 0.312 3
3.2 70~95 0.407 9
4.0 70~95 0.637 4
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Tab.3 Modal frequencies of thin-walled structures
Hz

4C 1By 2B 3By 4 5 6 B
25 87.2 6257 6517 11780 1808.0 2593.6
450 81.0 5657 5865 10651 16348 25287
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Fig.4 Equivalent stress response of test piece
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Fig.5 Stress response of dangerous position of test piece under thermal and vibration loads
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Tab.4 Axial stress peak of test piece under thermal and
vibration loads

alg  d°C  LBRESTRMz il R 7 E{E/MPa
2.0 450 78.9 148.75
2.4 450 78.9 185.77
2.8 450 78.9 204.85
3.2 450 78.9 219.95
40 450 78.9 276.98
2.4 25 85.1 168.97
32 25 85.1 218.03
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Tab.5 Test operating conditions

W T alg t°C
1 2.0 450
2 2.4 450
3 2.8 450
4 3.2 450
5 4.0 450
6 2.4 25
7 3.2 25

6 it
Fig.6 Test piece
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Fig.7 Installation of test pieces
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Tab.6 Test results

alg iC HATIHz = . F1/MPa
2.0 450 82.9 151.44
2.4 450 84.9 190.03
2.8 450 83.6 208.13
3.2 450 83.4 223.95
4.0 450 82.6 270.24
2.4 25 89.5 173.39
3.2 25 88.9 214.34
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3.2g I} 25 "C 1450 CHYTHA45 R 510 45 AR AL,
W7, MR T, =25 CH, i N e iR 2%
A 1.69%, FEAIRIEN 1.91%; =450 CH}, e
JIRZEHR L.79%, FEMiiRZEHR 2.99%, U 5
M kAT AT A AL .
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Tab.7 Comparison of calculation and test data

e HAT/Hz %l m] R, 71 /MPa

Di SR RIGLE R R 2% i EAE R RIS R R 2%
25 872 88.9 191 21803 21434 169
450  80.9 834 299 21995 22395 1.79
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Fig.9 Temperature contour of thin-walled structure under thermal shock
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Fig.10 Randomvibration stress response of thin-walled structure under thermal shock
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Tab.8 Axial stress of thin-walled structure

MPa
/ =150 C =300 C =450 C
a
v=100m/s v=120m/s v=140m/s v=100m/s v=120m/s v=140m/s v=100m/s v=120m/s v=140 m/s

2.0 74.53 78.04 82.75 76.12 82.89 83.06 77.57 82.78 87.45
2.4 89.44 93.65 99.30 92.54 99.47 99.67 93.08 99.34 104.94
2.8 104.35 109.27 115.86 107.97 116.06 116.29 108.21 115.91 122.44
3.2 119.26 124.88 132.41 123.40 132.64 132.91 124.12 132.47 139.93
4.0 149.08 156.10 165.52 154.25 165.8 166.14 155.16 165.59 174.92
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Fig.11 Stress response of thin-walled structure
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