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Abstract In order to investigate the vibration fatigue characteristics of thin-walled stiffened structures under random
vibration loading, a random vibration test was carried out. The structure inherent frequency and modal response were obtained
by using the hammering and the sine-sweep method, the cracking time and pattern were recorded. The method for obtaining the
fatigue life curve under random stress by revising the fatigue life curve under equal amplitude stress was deduced. Then based on
MSC/Patran&Nastran simulation finite-element software, the dynamic response on the fatigue danger point and its random
vibration fatigue life were obtained, the effects of creating model methods on the inherent frequency were studied, and the
change of damping impacts on the vibration properties was analyzed. The results show that the model stiffness with using mixed
element are much closer to the actual structure than only solid or shell, the modal responses under the nonlinear damping are
more consistent with the sweep results. Finally, the calculated fatigue life and failure position are in good agreement with the
experimental results.
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Tab.1 Three intervals' method based on the Gaussian distribution

7 3 X [] Stress interval HE Probability/%

[-lo,10] 68.27
[-20,-10)U(10,20] 27.18
[-30,-20)U(20,30] 4.28
(—0,-30)U(30,%) 0.27
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Tab.2 Damage calculation results under the random load

75 .

P

Nember . P, = 2 o /MPa (8,,),/MPa N, N AA
1 0.8 0.57 103 157 7.17x10° 7.90x107 4.31x107
2 1.2 0.59 160 246 2.97x10° 1.99x10°° 1.95x10°°
3 1.6 0.45 217 335 6.15x10" 7.36x10°° 4.17x107°
4 2.0 0.27 274 424 2.14x10* 1.26x107° 5.44x107°
5 2.4 0.13 330 513 9.67x10° 1.35x107° 4.89x10°
6 2.8 0.05 388 602 5.11x10° 1.00x107° 3.23x10°°
7 3.3 0.02 445 691 3.00x10° 5.51x107° 2.01x107°

. P

B2 () = () + (X, - i 1

(13 /2. Ny=1/] Z(AA)[ = T2 x 107 = 497 % 10°
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Tab.3 Power spectral density

Frequency/ 15~64 >64~67 >67~96  >96~99 >99~240
Hz
0.12 0.24 0.12
45.5 -67.8
PSD [(9.8 m/s?) [(9.8 m/s)*/ [(9.8 m/s?)*/
He (dB/Oct) He (dB/Oct) Ha
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Tab.4 Comparison of results between FEM and test values of first

four order natural frequencies

FEM{H AR 22
FEM values/Hz SR Relative error
Seffe o ase JRGH Test
JGSolid  JCShell JCMix values’Hz Ao A% AJ%
element  element element
91 72 T4 80 13.8 -10.0 -7.5
125 91 93 103 21.4 -11.7 -9.7
198 146 148 158 25.3 -7.6 -6.3
325 245 247 276 17.8 -11.2 -10.5
S pREE HEOGHRA
Actual structure FEM
JE )
Shape center A Wi RBE2 %
Node Rigid connect
. v _~ of RBE2
e o
B YEFEETT
Middle surface 2D shell

PO LA A A7 2% D 22 A

Fig. 9  Stiffener offset modelization-I cross section
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