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1. INTRODUCTION 
In a recent Nature article, Rockström et al. [1] 

defined nine planetary boundaries within which 
they expect humanity can operate safely. Crossing 
one or more planetary boundaries may be 
catastrophic. The sustainable use of energy and raw 
materials is one way to avoid that boundaries are 
crossed. It is therefore more important than ever that 
we can develop machines with maximal efficiency 
and service life. 

2. SIMULATION OF LUBRICATION  
Design for maximal efficiency of complex 

machines requires a fast optimization process based 
on computer simulations. A large number of design 
alternatives must be evaluated within a short time 
period. In industry, friction and wear in lubricated 
systems is, however, normally not modelled and 
simulated during the design process. One may ask 
why computational engineering is not used for the 
advanced design and selection of surfaces, 
lubricants, and geometries which produce minimum 
friction and wear in the same extensive way as for 
structural strength optimization? 
2.1. Requirements for increased use of 

lubrication simulations 
We normally blame the complexity of friction 

and wear and the lack of reliable and accurate 
models. There are, however, a vast number of 
models and the limited use of them might instead be 
due to lack of useful commercially available 
software. We believe that in the near future we will 
see both an increased availability of software and the 
increased use of it. In order to make such software 
useful we also need databases with lubricant, surface 
roughness, and coating data. Data pertaining to 
lubricant-surface physico-chemical properties must 
also be provided. In our own work we have 
established a platform which can be continuously 
improved – an all regimes model. 
2.2. An all regimes model 

In [2] we presented a model which can be used 
for simulations of lubrication in all regimes. It is a 
two-scale model where roughness is treated on a 
local scale. Fluid and contact pressures, 
deformations, thermal effects etc. are all treated on 
the global scale. Flow factors are determined by the 
use of homogenization [3]. A database for surface 
roughness is continuously fed with new data. 

3. AN EXAMPLE 
The model has been implemented in a multi-

physics finite element software. The friction in an 
elastically deformed bearing system with complex 
geometry was determined numerically and 
experimentally [4]. The correlation with experiment 
is good but depends strongly on the roughness 
measure used in the analysis, see figure below.  

The model was later used for optimization of the 
system and power loss could easily be reduced by up 
to 50 percent. That would not have been possible 
with an experimental trial-and-error process. 
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4. FUTURE WORK 

The modelling of the boundary lubrication 
regime needs much more attention. It must, for 
example, be possible to predict friction without 
using an empirically determined friction coefficient. 
Such model must take roughness, (flash) 
temperature and additive action (adsorption, 
reaction, and decomposition) into account.  
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