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Fretting fatigue under variable amplitude shear loading
blocks considering partial slip regime:
experimental/numerical analysis

Abstract

Fretting fatigue can occur in many structures, such as riveted lap-joint connections in aircraft
fuselage and blade-disc connections in aircraft engines. Fretting fatigue is complex and multiaxial
but is commonly simplified to constant amplitude loading, however, this condition is not the reality
for many industrial applications. Recent research proposes a new experimental and numerical
methodology for the life assessment of components subjected to fretting fatigue under variable
amplitude loading.

Experimental tests were conducted by applying H-L (High-Low) and L-H (Low-High) alternating
amplitude loading blocks to the tangential load while maintaining a constant static contact normal
load, and a constant alternating amplitude bulk fatigue load. The new numerical methodology
proposed for fretting fatigue life assessment includes the effects of crack nucleation, wear, and
crack propagation.

Crack nucleation life estimation results are compared using a traditional Miners’ linear damage
accumulation and a proposed new non-linear damage model from experimental observations of H-
L and L-H loading sequences.
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What is
fretting
fatigue?
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Motivation

 Aircraft engine (blade-disc connection)  Aircraft fuselage (lap-joint riveted
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* Microsliding (fretting) by:
- Blade vibrations (high cycle phenomena)
- Thermal/centrifugal expansion/contraction . .
(low cycle phenomena) - - - Fatlgue spec1men
crack”

« Ti alloys typically used in this application

« Fretting wear between blade "root” and disk
dovetail can cause:
- Fatigue cracks
- Blade loosening and vibration
- Loss of fit and imbalance




* The main objective is studying the
loading sequence effect on fretting
fatigue problem.

Goals

Numerical Experimental
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Numerical approach
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Numerical approach
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Numerical approach
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Numerical approach
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Numerical approach
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* Fretting fatigue apparatus
Material: Al 7075-T651
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Results
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* Pinto, A. L., Aradjo, J. A., & Talemi, R. (2021). Effects
of fretting wear process on fatigue crack propagation
and life assessment. Tribology International, 156,

106787.
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* Pinto, A. L., Talemi, R., & Araujo, J. A. (2022). Fretting
fatigue total life assessment including wear and a varying
critical distance. International Journal of Fatigue, 156,
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Results
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* Pinto, A. L., Cardoso, R. A., Talemi, R., & Araujo, J. A. (2022).
Early crack orientation prediction methods under fretting fatigue

loading including wear effects. International Journal of

Fatigue, 161, 106893.
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Conclusions

. The proposed numerical approach including the wear effect in the
crack nucleation phase, the CDM to estimate initiation angle, and SWT
close to the crack tip to predict the crack propagation path provides
results with high accuracy in terms of life assessment for fretting
fatigue problems;

. The experimental tests showed that the damage accumulation is non-

linear in the fretting fatigue problems under variable amplitude loading
blocks;

. The new damage rule provided results within a scatter band of 1.2.
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