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It is commonly agreed that numerical surface texture investigations require mass-conserving cavitation (MCC) 

boundary conditions in order to deliver reliable results. The efficient numerical modeling of this circumstance 

was already tackled by the Fischer-Burmeister-Newton-Schur (FBNS) algorithm in cases of hydrodynamic 

lubrication. Still, the elastic deformations of the surrounding walls also need to be taken into account in some 

applications. In this work, an extension of the FBNS algorithm is presented which is able to model these 

ElastoHydrodynamic Lubrication (EHL) cases. The MATLAB solver of this EHL-FBNS algorithm is validated 

with literature data and will be made publicly available at: https://github.com/ErikHansenGit/EHL.git. 
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1. Introduction 

In 2015, Woloszynski et al. [1] presented the FBNS 

algorithm which efficiently solves hydrodynamic 

lubrication problems through the Reynolds equation 

while considering the Jacobsson-Floberg-Olsson 

cavitation conditions. This means limiting the minimum 

fluid pressure to the cavitation pressure and ensuring 

mass-conservation at the interface of the cavitation and 

the full-film region. In the current work, this FBNS 

algorithm is extended to model EHL cases and applied to 

situations where EHL and MCC become relevant. 

2. Methods 

The presented EHL-FBNS algorithm includes the load 

balance equation and elastic deformations of the 

surrounding surfaces. The deformations are considered 

through the insertion of the Boundary Element Method 

formulation of an elastic half-space [2] into the Reynolds 

equation. The arising problem of having to handle a full 

system matrix is solved by using Fast Fourier 

Transformations during the computation of the film 

thickness  and the residual while the Jacobian matrix is 

approximated by its five main diagonals only during its 

inversion to update the solution. The implementation is 

realized through the Finite Volume Method in MATLAB. 

3. Discussion 

The solver is tested with regard to performance, grid 

resolution and accuracy with literature data. As a test case 

with severe EHL conditions, Figure 1 shows the 

distribution of the film thickness  that is obtained by the 

EHL-FBNS solver in the case of a ball-on-disc 

tribometer. Along the marked center line,  is plotted next 

to the simulative non-MCC solver results and 

experimental findings of Křupka et al. [3] in Figure 2. In 

this case, no difference between the MCC and non-MCC 

results becomes visible, but it shows that the EHL-FBNS 

solver can deliver reliable EHL results. Further test cases 

where MCC becomes relevant and the simulation of 

surface textures will be discussed in the presentation. As 

a contribution to the public, the thoroughly commented 

code will be made freely available to anyone who wants 

to use it at: https://github.com/ErikHansenGit/EHL.git. 

 

 
Figure 1: Film thickness  as a function of the spacial 

coordinates � and � obtained by the EHL-FBNS solver 

in the case of a ball-on-disc tribometer with centre line. 

 
Figure 2: Film thickness  along the centre line of Figure 

1 obtained by EHL-FBNS and Křupka et al. [3]. 
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