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Modeling friction in granular Materials

Hans-Georg Matuttis University of Electro-Communications, Department of
Mechanical and Control Engineering. Chofu Chofugaoka 1-5-1, Tokyo
182-8585

Alexander Schinner GeNUA mbh, Raterstralle 26, 85551 Kirchheim, Germany

We are dealing with friction from the viewpoint of granular material research, where Fig. 1

heaps can maintain their shape only in the presence of Coulomb friction.

One of the elementary problems in computational mechanics is the determination of Q
static/Coulomb friction between contacts of a non-holonomic particle system.

Typical examples for such systems are aggregates of
granular materials like sand heaps or silo fillings. Fig. 1
shows a simple non-holonomic system with Coulomb friction

as a prototype of a granular configuration.
The "stick-slip” oscillator in Ref.[! (Fig.2)

i + 2Dy + psigny + y = A cos(wt)

Fig. 2

is solved as a differential algebraic systems and a Runge
Kutta type time integrator. One of the results was that
stick-slip could occur for the parameters D=0.1, u =4, A=2,
w=7x and the initial conditions v (0)=4, x(0)=3 if the
coefficient of static Coulomb friction usta 1s chosen the
same as the d This occurs for many substances, especially
ceramics (tables which only give a single coefficient of
friction can be found in Ref.123]). As the mass and
Young-modulus of granular materials leads to a
certain step size anyway, in this case the use of
integrators with constant time steps is preferable.
We have therefore recomputed the problem in Ref. [l with constant time step and found that the error was
negligible, and that the stick-slip for wsta=udyn was still preserved. Reference runs where we set wsta
=1.1 * uayn showed no significant deviation from the original results.

In the next step, we applied the method to a coupled chain of stick-slip oscillators with 20 elements (Fig.
4), and for the parameters m=1, spring-constant k=50, D=0.00001, p=0.3, A=.1k, w = \/(k/m) And lattice-
constant a=1, we found that the last five particles do not move any more for the implementation after Ref.!l1,
see Fig.5. In contrast, for the naive implementation, the last five particles still move. Reference runs with
the static friction model from Ref.[! gave good agreement for reasonable choice of the model parameters.
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