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Macroscopic models and parameters for real
lubricants rheology for friction calculations

Context :

Many everyday contacts are lubricated to reduce friction and wear. These contacts are
designed to minimise energy loss. For that, it is necessary to know the constitutive equation of
the lubricants as a function of the flow conditions in a contact (pressure, temperature, shear
rate). As these loads are widely distributed and coupled throughout the contact, the behaviour
of the lubricant is largely multiphysical and multi-scale, which makes prediction difficult.
Furthermore, in concentrated contacts such as those found in a bearing, the fluid film thickness
is typically a few hundred nanometres, and the pressure a few gigaPascals, which represents
particularly severe stresses. Under these operating conditions, the lubricant behaviour laws
conventionally used in the literature are no longer valid.

Finally, these constitutive equations, given in the literature for model fluids and model
surfaces, do not take into account the complexity of real contacts in terms of the lubricant
formulation and the nature of the solid surfaces in contact.

Objective :

This project follows on from various experimental (tribometry, Brillouin spectroscopy)
and numerical (Molecular Dynamics, Finite Elements) work already carried out in the TMI
team on the behaviour of lubricants under various contact conditions (various lubricants, high
pressure and high shear, solid surfaces of various kinds). The aim is to identify the rheological
constitutive equations and parameters best suited to predicting lubricant behaviour and
friction under real conditions. It consists of two main parts, which can be carried out in parallel.

Course of the thesis :
The first part will consist of :

- Carrying out a literature review to identify the limits of current friction predictions. Attention
will be paid on extreme friction regimes. Data from the literature will also be gathered on real
lubricants and on the influence of solid surfaces.

- Work on the behaviour models already identified in the team, or other models in the
literature, to extend the pressure ranges reached in previous work and attempt to approach -
or even exceed - the glass transition of the lubricant.

- Fit these models to several real lubricants: T9, T32, T68, gearbox, spindle (high speed),
aeronautical lubricants.



- Study the influence of various real surfaces on friction. Solid steel and ceramic surfaces will
be considered.

In a second part, the candidate will be able to implement/develop/use tools based on artificial
intelligence (neural networks, machine learning, etc.) to attempt to link the chemical
composition of the lubricant, its rheological behaviour and the resulting friction. The thermal
environment will also have to be taken into account for the most severe friction regimes.

Profile :

The successful candidate will benefit from a 3-year contract as part of the "Re-imagine
Lubrication" Research Chair, funded by the SKF Group. The work will take place at the
LaMCoS (http://lamcos.insa-lyon.fr), at INSA Lyon. Ideally, the candidate will have a Master's
and/or Engineering degree in mechanics, materials or fluid physics.

The successful candidate should be particularly interested in numerical modelling, and open
to other scientific disciplines. Initial knowledge of lubrication issues would be a plus. He/she
will have a taste for research and will have to work independently and rigorously.

A good level of English will be required.
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