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Abstract

Fretting fatigue is a damage process that may arise in engineering applications
where small cyclic relative displacements develop inside contacts leading to
detrimental effects on the material fatigue properties. Fretting is located in
regions not easily accessible, which makes it a dangerous phenomenon. It
is therefore important to be able to make reliable predictions of the fretting
fatigue lives.

The work presented in this thesis has its focus on different aspects related to
fretting fatigue in the titanium alloy Ti-17. A fretting experiment was developed
which allowed for separate control of the three main fretting loads. Initially,
the evolution of the coefficient of friction inside the slip region was investigated
experimentally and analytically. Subsequently, 28 fretting tests were performed
in which large fatigue cracks developed.

The fretting tests were firstly evaluated with respect to fatigue crack
initiation through five multiaxial fatigue criteria. The criteria predicted a too
high fretting fatigue limit. A possible clue to the discrepancy was found in the
fretting induced surface roughness with the asperity-pit interactions.

The fatigue growth of the large fretting cracks was numerically modelled
through a parametric crack growth procedure. The predicted lives were
compared to the experimental outcome. The numerical simulations showed
that linear elastic fracture mechanics was an appropriate tool for the prediction
of fretting fatigue propagation lives in the long crack regime.

Fatigue cracks spend most of their propagation life in the small crack
regime. The possibility of modelling the small crack behaviour is therefore very
important from the engineering point of view. The fatigue growth of through
thickness short cracks was studied experimentally and numerically in the four-
point bend configuration. It was found that linear elastic fracture mechanics
and closure-free material growth data furnished conservative estimates for
cracks longer than 50 μm.

One method to improve fretting fatigue life is to shot peen the contact
surfaces. Experimental results on fretting life with or without shot peening
were simulated. The fatigue life enhancement in shot peened specimens could
be explained by slower crack growth in the surface material layer with residual
compressive stresses.
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