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Abstract: For the usual failure mode of structural components under variable loading, fatigue life prediction is
very important for the selection, design, and safety assessments of these components. The linear damage mo-
del (Miner’s rule) is used most widely for life prediction in practical engineering application. However, the
fatigue damage caused by small loads cannot be ignored, especially when the load is near the constant ampli-
tude of fatigue limit of a component. This article discusses in detail an acumulative fatigue damage model and
the corresponding formula of fuzzy fatigue life based on the damage and coaxing effect caused by each loading
cycle on a metallic material. The fatigue life of structures depends on both the damage and coaxing effect of the
small load and a new approach is proposed. This model has improved the application of Miner’s rule not only
by considering the coaxing effect caused by a stress lower than the fatigue limit, but also by introducing mem-
bership functions in the fuzzy accumulative damage caused by small loads. In order to apply the proposed model
conveniently, different membership functions that affect the result of estimating fatigue life are investigated.
Two examples are given in which the structural fatigue life is estimated by two different load spectrums. By
comparing the results, the law of selecting membership functions for different load spectrums is found, and the
errors of predicted fatigue life are reduced. The examples show that the prediction of fatigue life by the pro-
posed method is more accurate than by the traditional method.
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Table 1 Results of CFD1 test

M A  6i/MPa AR n N; ni/Ni

1 505 4 9.00X103 0. 000 4
2 475 32 1.16X10* 0.002 8
3 423 560 2.10X104 0.026 7
4 362 5 440 4.70X104 0.115 8
5 287 40 000 1.55X10° 0.258 0
6 212 184 000 8.70X10° 0.2110
7 137 560 000 —>00 0

8 63 1210 000 —>00 0

%2 CFrD2iRIHE
Table 2 Results of CFD2 test

MRS o0:/MPa HIR ns N; n;/N;
1 305 44 5.60X10* 0. 000 8
2 332 352 7.40X10* 0. 004 7
3 298 6 160 1.30X10° 0. 047 5
4 254 59 840 2.80X10° 0.214 0
5 201 440 000 1. 25X10°¢ 0.352 0
6 149 2 024 000 —>00 0
7 96 6 160 000 —>00 0
8 44 13 310 000 —>00 0

£3 FAEARBREMTIRE CFDIWEGHELER
Table 3 Results of CFD1 using different membership functions

e RERH D, AD Ni/108  R#E/%
Miﬁim 0.614 7 0 3.2536  62.68

2 Bk R 0.6147 0.8041 1.4096  29.52
3 MR 0.6147  0.4242  1.9251 3. 74
4 EHARB 0.6147 1.1072 1.1615 41. 92
5 Haibach# 0.6147 0.6189 3.2313  61.56

*4 FRARERHTRB CID2 WEGEEER
Table 4 Results of CFD2 using different membership functions

s RIBERE D, AD Ni/107  iR#E/%
Mifi‘;m 0.619 0 0 3.554 1 61.55

2 H&A 0.6190 0.4140 2.1297 3.19
3 WA 0.6190 0.2827  2.2180 10. 90
4 FHFWE  0.6190 0.5010 1.964 3 10. 71
5 Haibach# 0.6190 0.0181  3.4531 56. 96
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