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Method to determine modified influence exponent of
stress gradient considering stress ratio

WEI Dashang'?, MA Mengdi'*s WANG Yanrong'**

(1. School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics,  Beijing 100191, China;
2. Collaborative Innovation Center for Advanced /Aero-Engine, Beijing 100191, China)

Abstract: A new equation for fatigue life prediction considering the stress ratio was es-
tablished. The expression introduced a new parameter which reflected the effect of stress ra-
tio on the stress gradient exponent based on the previous fatigue life model with stress gradi-
ent. Life prediction and precise checking were carried out using exiting test data of typical al-
loy. The results showed that the local stress ratio had a considerable influence on the stress
gradient exponent. The calculation results of the modified model were more close to the ex-
periment results than the previous model. Predictions of notched specimens for TC4 (200 °C)
and GH4169 (500, 650°C) showed a scatter band within 2. 0. Even better, some of the re-

sults showed a scatter band within 1. 5.

Key words: life prediction; notch fatigue; stress gradient; stress ratio; parameter fitting
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Table 1 Material properties of direct aging GH4169
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(650°C )05
e BAE
E/MPa 150500
K'/MPa 1412
n' 0. 096
o,/ MPa 1230
a4 41

*x2 RBEEAL.FHMEAHEZMEYNITELER
Table 2 Calculation results of local stress ratio,

life and stress gradient exponent

R’ N m
—0. 389 5000 0.8704
—0.350 10000 0.7488
—0.233 50000 0.6107
—0.175 100000 0.6097
—0.042 500000 0.6912
—0.617 5000 1. 2896
—0.591 10000 1.1297
—0.507 50000 0. 8584
—0.458 100000 0.7940
—0.333 500000 0.7836
—1. 000 5000 1. 8667
—1.000 10000 1. 6808
—1.000 50000 1.2772
—1.000 100000 1. 1284
—1. 000 500000 0.8807
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Table 3 Material Properties of high-strength GH4169
(500°C, 650°C) and TC4 (200 °C )t

- GQ-GH4169  GQ-GH4169 TC4
(500°C) (650°C) (200°C)
E/MPa 166 000 155000 103500
K'/MPa 1224 1195 1069
n' 0. 054 0. 086 0. 081
o,/ MPa 1230 1130 810

o/ % 34 39 60
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Table 4 Calculation results of local stress ratio, life and
stress gradient exponent of high-strength

GH4169 (500°C)

R’ N; m
—0. 540 5000 0.1593
—0. 450 10000 0.1219
—0.199 50000 0.1565
—0.103 100000 0.1642
0.0748 500000 0.1819
—0.730 5000 0.5830
—0. 684 10000 0.4431
—0.473 50000 0.3190
—0. 365 100000 0.3263
—0.160 500000 0.3435
—1.000 5000 1.2515
—1.000 10000 1. 0566
—1.000 50000 0.5969
—1.000 100000 0.4495
—1. 000 500000 0.2608

x5 &% GH4169(650C )W FABEL J1 bk JFF & (KL F1
HEZmERITESER
Table 5 Calculation results of local stress ratio, life and
stress gradient exponent of high-strength
GH4169 (6507C)

R’ N; m
—0.438 5000 0.6323
—0.410 10000 0.5961
—0.332 50000 0.5841
—0. 294 100000 0.6122
—0. 205 500000 0.7514
—0. 655 5000 1.1112
—0. 640 10000 1.0819
—0.59%4 50000 1. 0050
—0.568 100000 0.9824

LSS
R’ N m
—0.492 500000 0.9685
—1. 000 5000 1.6997
—1. 000 10000 1. 3887
—1. 000 50000 0.8730
—1. 000 100000 0.7445
—1. 000 500000 0.6584

F6 TC4(200C )HBABR AL F.
MAOBEXMERITELER
Table 6 Calculation results of local stress ratio, life and

stress gradient exponent of TC4 (200 °C )

R’ N; m
—0.292 10000 0.3618
—0.095 50000 0.4622
—0.026 100000 0.5461

0.094 500000 0.7963
—0.630 5000 0.9181
—0.584 10000 0.7848
—0.420 50000 0.6700
—0.338 100000 0.7060
—0.173 500000 0.8690
—1. 000 5000 2.0870
—1. 000 10000 1.7546
—1.000 50000 1.1099
—1.000 100000 0.9300
—1. 000 500000 0.7250
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