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Abstract

Load transfer in applications or between machine components is generally
achieved through contact. In case of recurrent high contact loads in
combination with a rolling motion, i.e. with a relatively small amount of
slip, the contact surface may eventually suffer from rolling contact fatigue
(RCF). The damage consists then of cracks and craters or spalls, which can
cause dysfunctionality of the application leading to inefficiency or increased
maintenance costs. Ultimately the damage may cause total failure of the
machine component. The damage process is still not fully understood due to
the complexity of the problem. Different mechanisms have been suggested to
explain initiation and propagation of RCF damage. The current work focused
on crack growth modelling of surface initiated RCF in case hardened gear steel.
The study was based on the asperity point load mechanism, which emphasizes
the importance of the surface roughness in the damage process. Asperities on
the contact surface act as stress raisers inducing locally high tensile surface
stress when entering the contact. Improved understanding of the damage
process and further validation of the asperity point load mechanism was
achieved.

In Paper A, the crack path of surface initiated RCF was simulated in the
symmetry plane of the damage with the trajectory of the largest principal
stress in the uncracked material. The mode I fracture mechanism was found
applicable as well as linear elastic fracture mechanics (LEFM). The evolvement
of the asperity contact parameters during the load cycle was determined
through a finite element (FE) contact model based on an equivalent contact
geometry. The predicted RCF crack path agreed with experimental spall
profiles both in entry details as in overall shape. An experimental series was
performed in Paper B to investigate the crack closure behaviour in presence
of large negative minimum loads. The experimental results suggested a crack
closure limit close to zero. The choice of the equivalent mixed-mode stress
intensity factor range and especially the crack closure limit had a significant
effect on the predicted RCF or spalling life. The two-dimensional crack growth
model was further developed in Paper C and used to investigate the influence of
asperity size, friction and residual surface stress on the simulated RCF damage.
The simulations agreed qualitatively with experimental observations where
reduced surface roughness, improved lubrication and compressive residual
surface stress increased RCF resistance. In Paper D, a three-dimensional
stationary crack was studied using an FE model and a simplified RCF load.
A new crack geometry was proposed allowing the investigation of the spall
opening angle of the typical vshaped damage. Crack arrest through crack
closure was suggested as explaining mechanism. A qualitative study indicated
increased spread of the surface damage with increased friction. The results also
depended on the crack inclination angle. The different studies supported the
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asperity point load mechanism to explain not only fatigue initiation but also
fatigue crack propagation.
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