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The numerical technique, Smoothed Particle Applied Mechanics, in Tribology 

For the simulation of large deformations, of contact mechanical demands, and of several other complex phenomena 
in tribology, particle methods are often more useful than the usual approach with Finite Element Methods (FEM). The 
smoothed particle methods are one of these particle methods, which describe a continuum, and hence can be utilized 
for simulation of liquids, as well as solids and the wear phenomena in tribology. This method is already in use in many 
research areas. AC²T works on its recognition in the field of tribology. 

 

Success Story Langversion 

 

With smoothed particle applied mechanics (SPAM) continuum phenomena are described by particles, which move in 
space in a similar way as the molecules in molecular dynamics. Hence, this method can be applied to all continuum 
and field problems, as for instance liquids and solids. Turbulent flows as well as large deformations can be described 
without the usual technical difficulties. 

 

A computer code for SPAM, applicable to the forming of solids, was created at AC²T. This code was tested on the 
indentation of a sphere (see Figure 1). This model underestimates the forces for the imprint, since plasticity was 
modelled ideal.  
A more realistic plasticity including hardening is in development. The application to the scratch test will be the aim of 
further research. 

 

 
Fig. 1: Indentation of a sphere in a surface, left under load, right after release. 

 



 

The application to a large deformation can be seen in Figure 2. Such a large deformation cannot be simulated in such 
an easy way with FEM. Often it is impossible. Since many phenomena in tribology deal with deformations, and often 
with large deformations, this method is a complement to the numerical methods, already in use at AC²T. 

 
Fig. 2: Large deformation of a block – on the left side the solid is still loaded by a sphere, and 
the von Mises stresses (colour coded) are visible, on the right side the system is released, and 

one can see the residual stresses (The spheres in the picture resemble the  
positions of the Smoothed Particles, not their size). 

 

Wirkungen und Effekte 

The results represented by Figure 1 was presented at the Leeds-Lyon Symposium on Tribology in November 2012: 

- S. Nugent, A. Fischer, C. Peuker, and G. Vorlaufer, Application of smoothed particle applied mechanics 
(SPAM) to tribological problems involving large deformations, Leeds-Lyon Symposium on Tribology 2012 in 
Leeds. 

 

This method can also be used to simulate friction, fracture, impact, cutting, etc. It was first applied to liquid dynamical 
problems, and hence can be also employed in lubrication. Furthermore, it is possible to combine these phenomena, 
and to simulate the solidification of liquids and the resulting stresses. 

 

This means, the Smoothed Particle Applied Mechanics can be applied to all research fields in tribology, and hence is 
at AC²T regarded as tool with potential for further research of different phenomena in tribology. 
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