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This study focuses on the development of the mathematical model of the elastomer body motion over a smooth 
rigid surface, with spreading of Schallamach waves being the studied mechanism. In general, it is a dynamical 
phenomenon driven by the frictional and adhesive interactions between mating surfaces. However, to simplify 
the problem and to identify the root cause of the Schallamach wave formation, the inertia of a moving 
elastomeric body and the adhesion between the mating surfaces are neglected in our model. In addition, we 
assume that the friction force between the mating surfaces at the contact points is infinitely large (full stick 
condition). 
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1. Introduction 

Visual observations of the frictional contact areas 
between mating soft elastic and hard bodies show that 
their relative motion occurs due to waves of detachment 
crossing the contact area. This phenomenon has been 
observed by A. Schallamach in 1970 and it is known 
since then as “Schallamach waves”. He explained these 
waves in terms of elastic instability of elastomeric 
surface. 

2. Theoretical Model 

In our model, we neglect the inertia of the elastomeric 
body, and the motion takes place not in real time, but as 
a sequential change in unbalanced static states, 
demonstrating the process of formation and propagation 
of the detachment waves. This approach involves 
observing the evolution of the deformed states of the 
elastomeric body and the shape of the waves. An 
additional simplification of the problem consists of 
considering a 2-D case of the plane-strain conditions, that 
is, the interaction of bodies that are infinitely long in the 
third direction.  

Due to complexity of the problem, it is necessary to 
solve it numerically. The subtlety lies in the fact that the 
numerical algorithm should allow simulation of the 
evolution of unbalanced static states that reproduce the 
relative motion of the elastomer along the smooth flat 

surface of a rigid body. 
For this purpose, it is proposed to develop a 2-D 

model of an elastic material consisting of rectangular 
elements. Each rectangular element includes 4 side 
springs and 2 diagonal springs. By varying the spring 
stiffnesses, various properties of the elastic material can 
be represented. In particular, to interpret the properties of 
an isotropic elastic material, it is sufficient to determine 
the value of the side spring stiffness of the square element 
and the stiffness ratios of the side and diagonal springs. 
These two parameters are analogous to such properties of 
an elastic material as Young's Modulus and Poisson's 
ratio. Analysis of the relationship between the 
abovementioned properties of an elastic material and the 
parameters of the proposed model is also the subject of 
this study. 

The assembly of the abovementioned elements 
interpreting the elastic properties of the material will 
make it possible to model an elastomeric body. A 
numerical model and a solution algorithm will allow 
setting both force and kinematic boundary conditions that 
can change during the motion. 

An iterative algorithm for the numerical solution will 
include a sequential traversal of the model nodes located 
at the vertices of the rectangular elements. Repeated 
traversal of the grid of nodes will allow the evolution 
interpretation of the deformed states. The effect of the 
different grid traversal order on the results will also be 
discussed in this study.
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