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Rolling Contact Fatigue - From a particle to a catastrophic failure of a helicopter
gearbox: the steps to simulate the whole process
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ABSTRACT

Surface fatigue is today the main cause of rolling bearing failure in aerospace applications. This type of fatigue
can develop simply as a result of surface roughness, but is exacerbated by the presence of surface defects such
as indentations. The management of lubricant pollution, which causes surface indentation or denting, is very
costly and cannot be perfect, since pollution is both present in new oils, continuously generated by lubricated
systems, and introduced during system operations. As a result, oils systematically carry particles of various
origins which are brought into contacts by lubrication systems. As they pass between the surfaces, the particles
are crushed and indent the surfaces, creating defects which will be the preferred sites for fatigue initiation and
cracking during subsequent operating cycles. This may lead to catastrophic failure.

As denting of surfaces cannot be prevented, a good understanding of indentation and fatigue mechanisms on
dents as well as how cracks propagate is necessary to guarantee bearing reliability and reduce maintenance
costs. Firstly, a "Coupled Euler-Lagrange” (CEL) finite element model is developed to reproduce the actual
indentation process of bearing surfaces and study its effects. Secondly, surface fatigue is studied under repeated
over-rolling using fatigue criteria from the literature in the context of dry contact with a Semi-Analytical Method
(SAM). The effect of the lubricant is then added by setting up a multigrid solver to solve the transient
elastohydrodynamic lubrication (EHL) problem. Lastly a novel efficient numerical approach for the simulation of
three-dimensional propagation of non-planar frictional crack under Rolling Contact Fatigue (RCF) is proposed.
The developed model relies on a global-local strategy involving the semi-analytical method, dedicated to the
resolution of 3D contact problems, and the eXtended-Finite Element Method (X-FEM), dedicated to the solving
of 3D crack problems.
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