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Fig. 1 Scheme of specimen volume
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Fig. 2 Cases of two special defects locations: (a) In the center of cross-sectional area of the specimen;
(b) In the position tangent to the surface rim region
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Fig. 3 Geometry of the specimens and the coordinate system
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Table 1 Details of the critical volume for the CT scanned specimens

The critical

. . Defect number in Fracture surface Surface defect
Specimen No.  volume altitude Z . .
critical volume  altitude Z (mm) [21] number
(mm)

1,2, and 8
45 97-98 3.4, and 10 98 1
49 139-141 1,3,6,7,9, and 138 N/A
50 53.5-55.5 10 53 1
51 97-99 1,2,4,8,9and 96 N/A
52 114-116 10 115 N/A
58 73-75 2and8 N/A N/A

4,6,and 9
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Table 2 Comparison of predicted results with experiments for CT scanned specimens [21]

Specimen Experimental Lowest predicted Predicted fatigue life Predicted fatigue life
No. fatigue life fatigue life based on  based on fractography based on proposed
XCT results analysis model
45 135,038 690,134 N/A 130,600
49 1,454,557 2,811,521 1,378,154 1,847,600
50 345,038 1,174,747 383,981 248,500
51 3,413,989 3,901,121 2,904,162 1,385,000
52 3,418,873 4,312,266 N/A 3,228,000
58 Run out at 1,721,450 N/A 1,926,000
4,000,000
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Fig. 4 Comparison between tested lives and predicted lives by using models with/without Wy, ¢
correction for EN-GJS-400-18-LT ductile cast irons
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Scale of CHP
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. v
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Fig. 5 Comparison of model predictions by the proposed and LNV models at 536.54 MPa for TA19
titanium alloy
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Probabilistic modeling of fatigue life distribution and size effect of
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Abstract: Engineering components made of ductile cast irons and aluminum alloys, show fatigue lives
which are normally dominated by crack initiation from defects raised by manufacturing processes. This
study presents a probabilistic model to account for the influence of manufacturing defects on fatigue
life, based on size and position of those defects. Specifically, a correction factor considering the
influence of defect surface position is developed by modeling the damage mechanism of surface initial
crack with Weibull distribution. Experimental data of three cast irons and aluminum alloys are used for
model validation and comparison. Moreover, the statistical size effect influence on fatigue life
distribution under constant amplitude loading is explored. Fatigue lives of three materials with different
sizes are evaluated respectively, and P—S—N diagrams show that proposed model predictions agree well

with the probabilistic scatter band.

Keywords: defects, Weibull distribution, fatigue, life prediction, size effect



