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ABSTRACT 

Modern Discrete Element Method (DEM) simulation tools provide the use of multi-spheres instead of 

only spherical particles to approximate the shape of real material more precisely. The use of multi-

spheres is a method of clumping several spheres together. The total number of spheres, positions, radii 

and overlapping between spheres in a clump can be adjusted to obtain a broad range of arbitrary shapes. 

To save computation time in DEM simulations, a sufficient representation of desired shapes by using 

a minimum number of spheres per clump is required. 

Often real shapes are given as surface representation by using laser scan technology or stereo 

photogrammetry. Due to complex shape structures, appropriate algorithms are required to define and 

place single spheres converging to a multi-sphere clump. A current algorithm by Prince et al. [1] create 

spheres out of the given surface description and minimises the number of spheres subsequently by 

using a particular clustering algorithm. Ferellec et al. [2] instead use three different parameters to define 

the position of each sphere in the clump without the need of clustering at all. 

The discussed improved approximation with multi-spheres computes the optimal number of spheres 

by using the advantages of fuzzy c-means clustering. An optimisation algorithm is used to define the 

number of different clusters and degrees of membership resulting in the minimum number and 

properties of required spheres. All steps from the analysis of the desired shape to the final 

representation with a sufficient number of spheres and a validation of the results are presented. 

Arbitrary shapes are automatically approximated with multi-spheres by using only a few parameters. 

Results show the exemplary capability of the algorithm for clump generation of the given shapes with 

less number of spheres compared to other methods. 
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