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1. Introduction 

Conformal surfaces in parallel sliding lack a macroscopic 
hydrodynamic pressure and fluid film formation mechanism. 
However, such a mechanism still exists on a microscopic level 
due to roughness. It is common to translate roughness into a 
variation of fluid film thickness which in turn yields a 
hydrodynamic pressure distribution resulting in a net 
hydrodynamic lift. Reynolds equation and a suitable cavitation 
algorithm suffice to describe this effect mathematically. If one 
surface consists of a compliant material with low modulus of 
elasticity, the deformation of asperities due to pressures and 
shear stresses in the fluid cannot be neglected — in fact, besides 
cavitation, it significantly contributes to the net hydrodynamic 
lift. Therefore, a coupling between fluid dynamics and elastic 
solid body deformations needs to be introduced. An additional 
complication arises when the hydrodynamic lift and the 
subsequent separation of the mean lines of the contacting rough 
surfaces is not enough to prevent asperity contacts completely. 
This situation is known as mixed lubrication where part of the 
normal load is transmitted at asperity contacts. These contacts 
are commonly treated as solid body contacts with a Coulomb-
like friction law. However, when considering asperities as 
contraformal Hertzian contacts, elastic deformation may allow 
for the existence of thin micro-elastohydrodynamic lubricant 
films preventing direct solid body contact even at speeds which 
otherwise would be regarded as deep within the mixed 
lubrication regime close to boundary lubrication. These films 
may not be able to prevent wear completely, but may reduce 
friction significantly in comparison to dry friction. The 
existence of such effects was demonstrated in [1, 2] both by 
experiments with elastomeric radial lip seals and by simulation. 
The finite element based fluid–structure interaction soft micro-
elastohydrodynamic mixed lubrication model presented in [1, 
2] required no additional empirical parameters, such as the 
boundary friction coefficient, and entirely relies on geometry 
and material parameters. It is implemented in the open source 
finite element software Elmer [3]. In this paper, we present 
further developments of this simulation approach and 
demonstrate its applicability to other tribological contact 
configurations, such as macroscopic contraformal Hertzian 
contact (piezo-viscous hard ehl [6]) and iso-viscous 
hydrodynamic contacts. 

2. Methods 

In order to allow for a more realistic treatment of the 
elastomeric asperity deformation, mixed finite elements were 
implemented eliminating the previously observed volumetric 
locking effects [4]. Moreover, according to Woloszynski, 
Podsiadlo & Stachowiak [5], a mass conservative cavitation 
algorithm was implemented into the Reynolds equation. 
Lubricant viscosity was implemented as a field variable that can 
be locally adjusted depending on temperature, pressure, and 
shear rate for various rheological models [6]. The lubricant 
temperature can be derived both by empirical thermal coupling 
subroutines, or by additionally solving the energy equation. 

Using the Elmer parallelization capabilities, we were able 
to solve macroscopic contacts including microscopic features 
down to surface roughness (Fig. 1). Under conditions of mixed 
lubrication, on the level of asperity contact, second-order ehl 
asperity film formation was compared to Coulomb-type dry 
friction. 

 
Figure 1: Elastohydrodynamic pressure build-up on the level of roughness 

Regarding soft elastomeric radial lip seal contacts, the 
microscopic lubricant film formation can now be predicted 
more realistically, and the results of the viscous lubricant 
friction computations agree well with the experimental results 
presented in [1, 2]. Moreover, the simulation of rigid nominally 
parallel iso-viscous sliding contacts with micro-textured 
surfaces realistically renders the macroscopic cavitation area 
observed in optical investigations of rectangular face seals. 
Further, the newly implemented methods have been applied to 
the roller-flange contact of tapered roller bearings in order to 
investigate the influence of micro-structures on ehl friction. 

In conclusion, the presented FEM-based open source 
multiphysical framework was used to explain lubricant film 
formation and friction in vastly differing lubricated 
tribosystems over a wide range of scales, materials, and 
operating conditions.  
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