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Multi-axis Vibration Fatigue Life Prediction Based on Critical Plane
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ABSTRACT: The work aims to propose a new high cycle multi-axis fatigue life prediction method based on critical plane nor-
mal stress. By projecting the principal stress, the stress in the critical plane at each moment was obtained, and the fatigue dam-
age under different critical planes was calculated by rain flow method. Then, the angular expected value of the principal stress
was obtained through weight function to predict the fatigue life of the structure. Through the simulation of the test specimen, the
forced acceleration excitation with PSD frequency range of 8~200 Hz in two directions and value of 0.006, 0.003, 0.008 g*/Hz,
was applied to the bottom to obtain the multi-axis stress response, so as to calculate the predicted life of the random acceleration
vibration fatigue test under four working conditions. Through comparison, the test life error was basically within the bounds of 2
times. The new fatigue life prediction method based on the critical plane normal stress can effectively predict the fatigue life of
multi-axis vibration.
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Fig.2 Frequency domain response of normal stress
in Y direction
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Fig.3 Time domain response of normal stress in Y direction
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Fig.4 Frequency domain response of shear stress
in XY direction
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Fig.5 Time domain response of shear stress in XY direction
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Tab.l1 Multi-axis vibration test conditions and life prediction

TH1 TH2 TH3 Th4
FHIC REL 0.001  0.99  0.001 0.001
X R/ (o - HZ')  0.006  0.006 0.003  0.008
ZIE (g - Hz')  0.006  0.006 0.008  0.003
T 1 /s 9978 9766 11553 28436
R FF /s 13671 25732 16650 19072
FFAIRZE % 27.02  62.05 30.61 49.10
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