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Method for notched fatigue life prediction with stress gradient
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Abstract: A method for fatigue life prediction of notched specimen or real component
when taking the effects of mean stress, stress gradient and dimensional size into considera-
tion was developed based on the distribution of dimensionless stress at notch root of the spec-
imen. The factors for stress gradient and dimensional size were calculated and the fatigue life
was predicted for two types of notches machined with TC4 alloy. The results show that
mean stress at notch root and the factors for stress gradient and dimensional size could reflect
the effects of notch on the fatigue life. Predictions based on the developed approach give es-

timates falling within 2-fold scatter.
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Table 1 Fatigue properties of TC4 alloy

at room tempeture

N;=5X10° cycles N;{=10" cycles

N{=5X10" cycles N;{=10° cycles

K.=1 K,=3 K,=5 K,=1 K,=3 K,=5 K,=1 K,=3 K,=5 K,=1 K,=3 K,=5
/MP R, 945 580 410 845 480 360 670 315 245 620 280 205
Omax a
-1 740 395 300 640 330 250 470 220 150 425 190 120
2.1 s
TC4 . TC4
, Walker 4 ’
2. 0.008 T T
r TC4 alloy
2  Walker 0.007 o
Table 2 Parameters of Walker life equation < - o R=0.1
- - :E_ i i — Fit data to Walker
o b 4 € ¢ = 0.005
2503.609 —0.14091 0.42391 3299.134 —2.01311 £ |
7 0.004 F N
« L ™
0.003 | .
3 Walker I

0.002 ) . . )

’ R 107 10 100 107 10¢
N feyeles
. r
3 Walker
2.2 Fig. 3 Walker’s mean stress modified life

prediction curve
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Fig. 6 Normalized stress distribution along symmetric

path for notched specimens of TC4 alloy
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Table 3  Values of g, at different distances

8e 8e
831/ —3.929 310/ —2.883
8510/t —13.185 &s1r/2 —9.698
Co 3.356 C, 3.364
4 a
Table 4 Values of a
K, R N /cyclest? Ce a
5000 2.216  0.656
10000 2.169 0.638
o 50000 1.517 0. 344
100000 1. 257 0. 189
’ 5000 1. 088 0.07
10000 1. 186 0.141
0.1
50000 1.703 0.439
100000 2.002 0.572
2.4
TC4 s
Neuber ,
s N
5 7.
TC4
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Table 5 Local strain amplitude and stress ratio at notch root by Neuber’s rule and life prediction results
( ) €a R N¢/cyclesH™ N;/cycles
0.013135 —1.0 5000 2538
0.00984 —1.0 10000 6541
—1
0.006025 —1.0 50000 49060
0.0052 —1.0 100000 98853
K,=3
0.00722 —0.457 5000 10467
0.005915 —0.269 10000 16935
0.1
0.00388 0.0231 50000 63075
0.003445 0. 055 100000 122624
0.019995 —1.0 5000 2259
0.014535 —1.0 10000 4896
—1
0.00693 —1.0 50000 53927
0. 005505 —1.0 100000 138123
K.,=5
0.009875 —0.638 5000 10624
0.008215 —0.553 10000 20468
0.1
0.00541 —0.189 50000 44234
0.004525 —0.056 100000 87284
b
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Fig. 7 Fatigue life prediction for notched specimens ,
of TC4 alloy ,
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