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Maximum Entropy Principle for Identifying the Fatigue
Life Distribution of Material

Wang Yu, Li Hongshuang
(College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: It is well-known that the fatigue lives of metal material have a considerable amount of scatter and they
are commonly suggested to be considered in engineering design. A rational computational method is proposed for
identifying the probability distribution of fatigue life, in order to reduce the introduction of subjective uncertain-
ties and obtain rational probability distribution, Firstly the sample statistics are used to estimate the first four
statistical moments of fatigue life. Then, based on all those statistical moment constraints, the maximum entro-
py principle is employed to identify a rational probability distribution for fatigue life of interest. Identification of
fatigue life distribution based on maximum entropy principle, maximum entropy distribution is found by the La-
grange multipliers, The rationality and effectiveness of the proposed method are demonstrated by the experi-
mental data of 2024-T351 aluminum alloy specimens available in the literature, Computational results show that
the proposed method can efficiently identify the fatigue life distribution of material and it is not limited in the
realm of standard, unimodal distribution types.
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Table 1 Fatigue load cycles

sth BB

me HL RL BHL HL HL L B
20 mm 22 mm 24 mm 26 mm 28 mm 30 mm Wi
26 100 41 267 53 100 59 812 64 727 67 432 69 881
21 692 35 889 45 469 52 026 56 613 58 955 61 007
14 158 26 160 34 663 40 358 44 167 47 282 48 600
15 333 26 768 34 768 39 867 43 309 45 483 47 300
16 615 28 011 36 450 42 352 45 956 47 868 49 686
17 091 30341 38 125 43 780 47 150 49 487 51 392
16 000 27 096 33 831 39 006 41 907 43 448 43 991
25 818 42111 52 800 60 762 65 700 68 600 71 200
13 786 23 309 31589 36 575 40 056 41 860 43 172

0 = > Ul o= W DD

©

10 27 538 44 059 56 347 63 745 68 533 71 652 74 300
11 21692 37 308 48 244 55 400 60 350 63 071 65 320
12 15 250 25686 32529 37 427 40 677 42 611 44 025
13 19850 32091 39578 44 431 47 522 49 289 50 600
14 16 286 30053 38 426 43 736 46 880 48 687 50 083
15 25800 42154 53 225 60 727 65 089 67 664 70 206
16 16 773 28 804 36 535 41 739 45 120 47 290 49 030
17 17 563 29 933 38 138 43 500 47 064 49 043 51 009
18 17 846 30514 39 400 47 400 50 893 53 157 55 100
17 20 077 34550 46 895 52 750 57 683 60 277 62 357
20 26 600 43 813 56 515 64 327 69 273 72 438 75 300
21 18 375 30500 39186 43 894 47 614 49 857 51 600
22 24167 41182 52467 60171 65080 67 914 70 602
23 19563 32771 41457 47 420 51 446 53 863 55 874
24 23 455 38929 49700 57 311 62 622 65 726 68 400
25 18 200 29 354 37 200 42 800 46 300 48 295 50 207
26 14 692 25488 32711 37 765 41 025 43 247 44 773
27 20540 34900 43769 50 671 54 909 57 583 60 111
28 21 219 36563 46556 53 720 57 794 60 371 61 000
29 16 167 28591 35893 41 375 44 870 47 047 48 700
30 15000 25564 31940 36 417 39 182 41 237 44 600
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Table 2 Statistical moments of data sample

BAR %itsE
F/immo g ez BRER O RE BE
20 19 441 4129 0.212 0.5321 2.0645
22 32 792 6 198 0.189 0.438 2 1.9413
24 41 917 7 863 0.188 0.476 3 1.902 3
26 48 042 8 832 0.184 0.454 3 1.8590
28 51 984 9 503 0.183 0.4418 1.8061
30 54 356 9 860 0.181 0.448 9 1.8124
W 56 314 10 231 0.182 0.476 4 1.8337
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