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Prediction of fretting fatigue life with consideration of stress

gradient and relative slip amplitude
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Aero Engine Corporation of China, Zhuzhou Hunan 412002, China)

Abstract: Focusing on TCI11 titanium alloy, a fretting fatigue life prediction method considering
stress gradients was established by employing the critical plane method and stress field intensity approach.
This life prediction model could predict fretting fatigue life by forecasting the stress field intensity of the
SWT (Smith-Watson-Topper) critical plane damage parameter within the fatigue-affected region. Using a
conventional uniaxial fatigue testing machine and a transverse hydraulic loading device, a tunable
tangential stiffness clamping device was designed, and fretting fatigue tests considering the influence of
relative slip amplitude were conducted. The tests indicated that under the same force load, the fretting
fatigue life initially decreased and then increased with the increase of relative slip amplitude. The model
parameters were fitted by combining fretting fatigue test data, and the relative slip amplitude parameter
was introduced into the life model, which resulted in a fretting fatigue life prediction method considering
the effects of stress gradients and relative slip amplitude. The validity of the proposed method was verified
using fretting fatigue test results of dovetail joint structure, with a prediction error within a 3 times

dispersion band compared with testing average life.
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Fig. 1 Schematic diagram of stress field intensity
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Fig.2 Schematic diagram of typical fretting fatigue test at the

material level
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Fig.3 Schematic diagram of the simplified fretting fatigue finite

element model
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Fig. 6 Distribution of slip amplitude along the contact interface

(x-coordinate) for case A3
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Fig. 13 Dimension of fretting fatigue main specimen and pad
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Fig. 18 Variation of the predicted and testing fretting fatigue life

with relative slip amplitude
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Table 11 Testing fretting fatigue lives of dovetail joints
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Dove_4 11 14 30 200 439
Dove 5 13 16 30 74819
Dove 6 17 22 30 24 654
Dove 7 11 14 50 172 621
Dove 8 13 16 50 65 544
Dove 9 17 20 50 26610
Dove 10 11 13 100 129756
Dove 11 13 15 100 45030
Dove 12 17 20 100 19906

FFFRLIH

P20 JHEFRARIE Bl M AT BT

Fig. 20 Finite element model of dovetail joints
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Table 12 Fretting fatigue predicted lives of dovetail

joint structure
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Dove 4 35 1.741 114 528 200439
Dove 5 58 1.871 79973 74 819
Dove 6 94 2.332 27135 24 654
Dove_7 17 1.725 119720 172 621
Dove 8 46 1.792 98975 65 544
Dove 9 90 2.320 27769 26610

Dove 10 16 1.475 260179 129756

Dove 11 13 2.385 24 137 45030

Dove 12 62 3.060 7406 19906
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