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Fundamental Study of Fatigue Fracture of Structural Materials
under Random Vibration Loading

Kim Gui-sik*, Cho Sung-bae*

ABSTRACT

This paper was to investigate a fatigue damage of structural material under service
loading, random loading. This examined irregular factors(a), wave counting methods and
equivalent load amplitudes about three random loading waves generated by a personal
computer. Results obtained are follows.

1. It is greatly different of counting results between range and rainflow cycle counting
methods applied wide band spectrum, but it is similar those applied narrow band one.

2. A Equivalent load amplitude, Leq, is obtained from m, the index of Paris” rule on a
constant load amplitude test, and the result of cycle counting. Here, m is larger, Leq
is greater.

3. In relation between irregular factor(a) and the cycle count method, when « is near
1.0, Leq calculated by rainflow method is similarly that by range one, but when « is

lower than 0.99, the former is large rather than the latter.
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Fig. 1 Service loading fatigue test of airplane.
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Fig. 2 Power spectral density functions and random waves,
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Table 1. Results of cycle counting for load amplitude.

Rainflow Method

Range Method

Amplitude Count No. Amplitude Count No.
1.33 86 1.33 54
3.99 86 3.99 83
6.65 99 6. 65 113
9.31 41 9.31 80

w—0.87 11.97 75 11.97 79
14.63 49 14.63 57
17.29 41 17.29 19
19.95 11 18.95 11
22.61 6 22.61 3
25.27
0.90 90 0.90 90
1.71 66 1.7 66
2.53 88 2.53 86
3.34 44 3.34 56
«=0.99 4.15 61 4.15 51
4.97 36 4.97 36
5.78 54 5.78 52
6. 59 35 6.59 36
7.41 14 7.41 12
8.22 12 8.00 14
0.64 54 0.64 51
1.74 102 1.74 90
2.84 90 2.84 99
3.94 118 3.94 130
=0, 94 5.04 84 5.04 70
6. 14 23 6. 14 39
7.24 17 7.24 17
8.34 5 8.34 3
9.44
10. 54 3
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Table 2. Results of cycle counting for mean load,

Rainflow Method

Range Method

Mean Count No. Mean Count No.
15.68 2 14. 80 11
16. 56 12 16. 01 28
17. 43 24 17.22 38
18.31 77 18. 44 95
19.19 82 19. 65 97
a=0. 87 20.07 104 20. 87 97
20. 94 109 22.08 73
21.82 44 23.29 38
22.70 25 24.51 17
23.58 18 25.72 4
24.45 2 26. 94 1
19.32 1 19.32 1
19.83 8 19. 85 42
a=(0. 99 19.91 83 19.94 181
20. 00 322 20. 03 193
20. 08 85 22.12 82
17.62 10 17. 48 10
18. 17 20 18. 05 17
18.73 24 18. 62 36
19. 28 7 19. 20 71
19. 84 141 19.77 120
a=0.94 20.39 130 20. 34 129
20. 94 57 20.91 68
21. 50 28 21.48 32
22.05 4 22.05 6
22.61 8 22.62 9
6. 14 23 23.19 l
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