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A Method for Estimation of Fatigue Properties from Hardness of Materials
through Construction of Expert System

Woo0-Soo Jeon and Ji-Ho Song

1] 2 & A (fatigue properties), A F 7} A] 2l (expert system), 2 &7 T (Tensile strength)
7 E(hardness), ¥ 24~ (fatigue life)

Abstract

An expert system for estimation of fatigue properties from simple tensile data of material is developed, considering
nearly all important estimation methods proposed so far, i.e., 7 estimation methods. The expert system is
developed to utilize for the case of only hardness data available. The knowledge base is constructed with
production rules and frames using an expert system shell, UNIK. Forward chaining is employed as a reasoning
method. The expert system has three major functions including the function to update the knowledge base. The
performance of the expert system is tested using the 54 €-N curves consisting of 381 ¢ -N data points obtained for
22 materials. It is found that the expert system developed has excellent performance especially for steel materials,
and reasonably good for aluminum alloys.
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Table 1 Ranking of estimation methods in total predictability for each material group

Ranking
Material group
i 2 3 4
Unalloyed steels | Modified universal slopes Seeger's method Ong's method
Low-alloy steels | Modified universal slopes Seeger's method Ong's method
High-alloy steels | Modified universal slopes or Seeger’s method Ong's method

Aluminum alloys | Modified Mitchell’s method

Mitchell’s method

Seeger’s method

Titanium alloys Modified Mitchell’s method

Modified universal slopes

Mitchell’s method Seeger'’s method

Total

Modified universal slopes

Seeger's method

Ong's method
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Table 2 Accuracy and total predictability of the expert system using hardness of materials

Methods E Values Unalloyed steels | Low-alloy steels | High-alloy steels Al. alloys Ti .alloys
E{s=3) 1.000 0.982 1.000 0.648 0.767
. (Edotal 0.961 0.942 0.801 0.454 0.842
Priority method (Ea)oset 0.856 0.892 0.840 0.794 0.802
E 0.939 0.939 0.881 0.632 0.804
Eds=3) 0.976 0.990 0.929 0.686 0
(Earotat 0.831 0.886 0.637 0.584 0.583
Hardness method (Ea)pset 0.835 0.862 0.719 0.777 0.588
E 0.881 0913 0.762 0.682 0.390
Number of data set Data set 21 17 2 8 6
& data points Data points 127 105 14 105 30
Te+ e+
£y Using Priority Methpd s Using Hardness Method
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2 2
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g g
D et & Te+ 1
[(+] o
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3‘ 1043 A 3 1643 4
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[ [
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3 .
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1e40 T T T T —r T le40 T T T T T T
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Fig.3 Comparison of the predicted and experimental fatigue lives for steels and aluminum alloys
(priority method and method using hardness of materials)
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