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Strain-based Probabilistic Model of Structural Fatigue Life
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[ABSTRACT] The linear relationship between
the standard deviations and means of IgNf in different
strain levels is discovered by the statistical analysis of
the HCF and LCF fatigue test data of AL 7050-17451,
and a strain-based probabilistic model of fatigue life is
presented, which is suitable for HCF and LCF. Further-
more, the probabilistic model with confidence of 0.95 is
established based on the interval estimation of the stan-
dard deviations and means of IgNf. The fatigue reliabil-
ity of a mechanical hand on space shuttle is analyzed
by this model, and the distribution of fatigue life and
reliable life with reliability of 0.998 7 are obtained.
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A1 BaE 7050-T7451 % X 5o 4

N AE Ae, | %K 2N(FF1 )

0.005 10 |597 166, 609 754, 652 596, 660 884, 665 700, 686 404, 738 994, 762 730, 832 536, 895 878

0,006 |5 |191300,256 118, 261 872, 264 112, 264 556, 279 370, 291 176, 291 626, 295 618, 303 112, 307 076,
329 962, 331 346, 341 598, 351 354

0.008 |5 | 06852, 68 947,69 706, 71 308,75 256, 81 280, 83 578, 84 188, 84 962, 85 514, 87 984, 88 486, 88 604,
89 232, 95 990

0010 |5 |25 246,26 134,16 420, 26 568, 26 842, 27 606, 27 718, 28 130, 28 314, 28 648, 28 872, 29 468, 29 900,
30 126, 30 764

0012 |5 | 1138713211, 11 811,12203, 12729, 11 921, 13 553, 12 547, 9 045, 13 257, 11 391, 12 875, 12 871
10 649, 11 231

0.014 13 |4277,5757,5793,6327,6217,5 775, 5 357, 5 511, 5 465, 5 669, 5 413, 6 631, 5 345

0.024 15 | 1361, 1489, 1485, 1569, 1587,1471, 1521, 1643, 1295, 1581,1501, 1517, 1687, 1573, 1423

0.030 15 925,977, 1059, 1 047, 1 005, 869, 975, 997, 899, 977, 1 067, 1 089, 1 023, 1 043, 899

0.040 15 | 483, 585, 585, 537, 561, 559, 593, 571, 577, 525, 575, 589, 595, 579, 557

0.060 14 223,239, 246, 239, 233, 261, 237, 241,239, 241, 231, 239, 243, 245

0.080 15 |133, 137, 143, 139, 131, 137, 141, 137, 143, 137, 143, 135, 139, 135, 141
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|

Wit Ae, | HEHCn /B R 7 i X g
o R

0.005 10 5.546 9 0.057 2
0.006 15 5.158 0 0.065 7
0.008 15 4.607 4 0.048 6
0.010 15 4.132 5 0.064 9
0.012 15 3.777 7 0.045 5
0.014 13 3.449 3 0.046 2
0.024 15 2.878 0 0.029 9
0.030 15 2.693 7 0.030 1
0.040 15 2.450 2 0.024 2
0.060 14 2.078 5 0.015 3
0.080 15 1.838 9 0.011 7
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Fig.1 Relationship between the standard deviation

and the mean value of logarithm life
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Fig.2  Linear fitting of logarithm life mean value
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Fig.3 Linear [itting of the standard deviation

of logarithm life
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%3 MEEFGHMEFFELATELZRA
s e 9% 35 75 i 10 45 1,

¥oE b %
0.005 [5.506 0, 5.587 9] [0.039 4, 0.104 5]
0.006 [5.121 6, 5.194 4] [0.048 1, 0.103 6]
0.008 [4.580 5, 4.634 3] [0.035 6, 0.076 7]
0.010 [4.096 5, 4.168 4] [0.047 5, 0.102 4]
0.012 [3.752 4, 3.802 9] [0.033 3, 0.071 8]
0.014 [3.421 4, 3.477 3] [0.033 1, 0.076 3]
0.024 [2.861 5, 2.894 6] [0.021 9, 0.047 1]
0.030 [2.677 0, 2.710 3] [0.022 0, 0.047 4]
0.040 [2.436 8, 2.463 6] [0.017 7, 0.038 2]
0.060 [2.069 7, 2.087 4] [0.011 1, 0.024 7]
0.080 [1.832 5, 1.845 4] [0.008 5, 0.018 4]
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Fig4 Mechanical arm of space vehicle
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Fig.5 Distribution histogram of fatigue life
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Fig.6 Cumulative probability distribution
of fatigue life
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