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If fatigue failure occurs during aircraft operation, it can cause catastrophic injuries. So, it is necessary to study fatigue
failure at the design stage. Frequency domain fatigue analysis is used to predict fatigue failure. During frequency domain
fatigue analysis, results can be calibrated by PSD analysis. In this study, fatigue failure is predicted by the Dirlik method,
Lalanne method and Steinberg method. Regarding results, life determined by the Dirlik method, Lalanne method and
Steinberg method were 8.737, 8.314, and 7.901 times the standard life, respectively. The Steinberg method is the most
conservative but the difference with other methods was approximately 10%. In the cycle histogram, the Dirlik method had
more counts than the Lalanne method in lower stress range. However, it does not affect the life of material used in this
study. However, if material has a lower fatigue limit or stronger PSD data is used, life difference will occur.
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NOMENCLATURE

Power spectral density

Probability density function
Frequency response function
Expected number of zero crossings
Expected number of peaks

m, = n™ Moment of area under PSD

y = Irregularity factor
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Table 1 Material property

Maeid o e e
PH13-Steel 1105 MPa 0.3 7.8
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A - Connecting point to aircraft
B - Transparent material
C - Bearing Shaft

(a) Overall shape of POD structure

(b) Detail view of front A

Fig. 2 POD structure
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Table 2 Natural frequency of POD structure

X-axis Y-axis Z-axis

Freq. Eft. Freq. Eft. Freq. Eft.
(Hz) Mass (Hz) Mass (Hz) Mass

221.9 38.7% 68.3 28.4% 84.2 23.0%
231.8 29.8% 162.3 30.6% 297.5 14.6%
297.5 6.4% 231.8 5.8% 324.7 17.6%
471.9 11.1%
473.5 7.7%
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Fig. 4 Frequency response function of POD structure
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Table 3 Life of the weakest node in POD structure

Method Damage Life
Dirlik 0.1145 8.737
Lalanne 0.1203 8.314
Steinberg 0.1266 7.901
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