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Evaluation of Characteristic Life’s Estimation Methods for
Small Sample Fatigue Test Data

Dui Hongna, Sun Qin

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The number of fatigue test data is generally small, thus under the assumption of Weibull distribution,
the statistical confidence of characteristic life should be taken into consideration. Probability estimation methods
of characteristic life are summarized, such as Bayesian method and Bootstrap method of virtually expanded sam-
ple. Then seven groups of fatigue test data for straight lugs are applied for comparison of these methods. Be-
cause EDF fitting methods can’t offer substantial guidance to the rationality of characteristic life’s estimations,
a new method is proposed that all the test data should fall into (1-a) percentile interval of the life distribution.
Through comparison and analysis, it can be concluded that estimations by Bayesian method are smaller than that
of Bootstrap method, and the proposed statistical method is effective qualitatively to judge how about the esti-
mation of characteristic life.
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Table 1 Fatigue test data of straight lugs

%3 HH 4 X I J1 W@ {E /MPa BT Fm NUEFEO
1 38.46 365105,171327,230701,119173,408225,346068
2 42.73 264258,114391,184623,94016,128481,274699
w R 3 47.00 142472,153949,58218,61666,77398,125822
4 51.27 88052,92552,79573,112558,91475,61711
5 55.55 76450,76292,80238,62208,92312,91673
27.77 42.73 36.32
6 364397,371112,426219,507405,522772,670298
- 500~ 302~ 600
27.77 42.73 36.32
7 357136,484186,485859,512556,520158,814476
674> 200 727*
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Table 2 Results comparison of different characteristic life estimation method

. a4 #H
FRIE Sy REMEH 8 1 3 1 p 5 7
7 Jeffery 263 321095 212586 121 001 91 393 81729 512039 586 354
] 0o B L 8 00 318112 207 824 119321 84 987 77568 510774 571828
B4 Bootstrap 329 156 217 875 124 085 93 699 83762 525016 601 067
T 87 Jeffery %1 279087 184774 105 170 79 436 71036 445 050 509 642
B 0o B L 8 00 295 985 186 917 109461 71 984 66 926 491 258 511 953
B3 Bootstrap 297 991 197 179 112271 84 788 75 808 475 027 543 884
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Table 3 EDF statistics comparison of different characteristic life estimate

| Tt g Jeffery Seleek Tt HrSt e e e vk HE#L3%) Bootstrap ¥
a A VD W A? JaD W A? JaD W A?
1 0.6517 0.109 7 0.814 6 0.632 8 0.111 9 0.817 2 0.699 5 0.107 2 0.839 5
2 0.918 8 0.1777 1.260 2 0.891 8 0.167 7 1.2318 0.945 7 0.190 1 1.328 9
3 0.847 2 0.140 0 0.991 9 0.827 3 0.142 7 0.991 8 0.880 7 0.138 3 1.027 8
4 0. 662 4 0.098 3 0.514 9 0.905 4 0.218 3 1.066 5 0.585 2 0.081 8 0.449 0
5 0.894 9 0.163 4 0.862 3 1.080 4 0.268 7 1.308 9 0.8104 0.135 7 0.755 4
6 0.554 2 0. 045 4 0.320 3 0.559 0 0.045 5 0.322 8 0.508 3 0.049 8 0.322 5
7 0.910 3 0.138 9 0.724 3 0.826 9 0.121 2 0.706 9 0.989 7 0.163 7 0.784 2
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Fig.1 Probability density curves for seven

groups of test data
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