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Fatigue life prediction of titanium alloy TA19
based on Weibull distribution and first-order
reliability correction
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Abstract: With the improvement in aeroengine performance, critical components (such as centrifugal
impellers) operate under high-temperature, high-stress, and complex load conditions. Geometric
discontinuities (such as ventilation holes and fillet radii) have become weak points for fatigue failure. This
study focused on TA19 material, preparing smooth and U-shaped notch specimens for low-cycle fatigue
tests under high-temperature conditions. Fatigue life data have fitted using the Weibull distribution, and an
improved iterative fatigue life model is proposed to address the limitations of traditional models in regions
with stress concentration. The model incorporates the stress concentration factor (K,) and first-order
reliability theory for correction. The results indicate that due to stress concentration effects, U-shaped notch
specimens exhibit more concentrated fatigue life distributions, whereas smooth specimens show greater
variability. The Kolmogorov-Smirnov test verifies that the data conforms to the Weibull distribution
characteristics. The revised model significantly improves the prediction accuracy , with most of the predicted
data falling within®=1.5 times the scatter band. Additionally, P-S-N curves for different failure probabilities
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are constructed , providing a valuable reference for the reliable fatigue life prediction of complex structures.

Key words: fatigue life prediction; Weibull distribution; P-S-N curve ;notch;low cyclic fatigue
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Fig.1 Schematic diagram of the weak points in the centrifugal

impeller structure
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Table 1  Specimen dimensions, theoretical stress concentration factor, and tests number

Specimen shape Notch depth/mm Notch radius/mm Radius/mm K, Test number
Smooth bar 0 0 5 1.00 13
U-shaped notch 0.3 0.3 4.4 2.47 16
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Fig.3 Low-cycle fatigue cylindrical specimen of TA19 smooth(a) and TA19 U-shaped(b)
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Table 2 Low cycle fatigue life of U-shaped notch specimens

FEAN R 37K R Cy B9 538, BT LA & B 3R 1Y)
FEA A B BR R T B AR . B R O
Fil 24 0.0103~0.0293 ; 6 1 19 Cy 3 A 0.0110~
0.0371,
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Table 3 Low cycle fatigue life of smooth specimens

6/MPa IgN “ G o/MPa  IgN /" G
640 2.712,2.729,2.758,2.6953,2.676 2.714 0.028 660 2.661,2.716,2.727,2.653,2.673 2.686 0.0295
620 2.842,2.786,2.901,2.863,2.927 2.864 0.049 580 3.185,3.322,3.432,3.474,3.413 3.365 0.1029
580 3.010,2.977,2.981,3.129,3.189 3.057 0.086 525 3.568,3.741,3.696,3.823,3.507 3.667 0.1148
550 3.614,3.357,3.595,3.513,3.402 3.496 0.102 490 3.929,3.996,3.890,3.943,4.302 4.012 0.149
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Fig.4 Comparison of low-cycle fatigue life between smooth(a)and U-shaped notch(b)specimens
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Table 4 Coefficient of Cy at different stress levels

Notched specimen

Smooth specimen

Stress/MPa ~ Cy Stress/MPa ~ Cy

640 0.0103 660 0.0110
620 0.0173 580 0.0306
580 0.0282 525 0.0313
550 0.0293 490 0.0371
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Fig.5 Fracture surface morphology of smooth(a)-(c) and U-shaped notch(d)-(f) specimens
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Table 5 Fatigue life index (D,) at different stress levels

Notched specimen Smooth specimen

Stress/MPa D, Stress/MPa D,

640 0.175 660 0.294
620 0.173 580 0.156
580 0.217 525 0.212
550 0.235 490 0.173
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Fig.6 Linear regression curve for U-shaped notched(a) and smooth(b) specimen

F6 TA1 URBROIAHSRBRGESHIERS
Table 6 Fatigue characteristic life of TA19 U-shaped notch

specimens and smooth specimens

Notched specimen Smooth specimen

Characteristic  life Characteristic  life
Stress/MPa Stress/MPa

(N*) (N*)
550 3133 490 10280
580 1140 525 4645
620 731 580 2317
640 517 660 485
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Table 7 Equivalent stress of TA19 U-shaped notch specimens

Stress/MPa Equivalent stress (o)
550 1360.70
580 1435.72
620 1534.88
640 1583.36
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Fig.7 Relationship between characteristic life and equivalent stress for U-shaped notched(a) and smooth (b) specimen
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Table 8 Mean,variance,and 2 value of the approximate function

Notched specimen Smooth specimen
Stress/MPa Mg oy B Stress/MPa g o B
550 0.0318 0.000814 39.1 490 0.5678 0.0003 1892.67
580 0.0351 0.001148 30.6 525 0.3524 0.0002 1762
620 0.0403 0.00171 23.6 580 0.3406 0.0003 1135.3
640 0.0839 0.00286 2.93 660 0.4159 0.0033 126.03
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