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Abstract 

This work considers the numerical techniques necessary 
for the implementation of an energetic impact law for 
rigid body impact with friction. In particular we focus 
on simulating through chatter sequences using the idea 
of system states. The example of a slender rod 
impacting a periodically oscillating surface will be used 
to illustrate our methods. We will show how to 
implement these techniques in simulation schemes, and 
further use this scheme to examine long term dynamics 
of our system under parameter variation. 
1. Introduction 
 Impact mechanics is concerned with the reaction forces 
and impulses which develop during a collision and the 
governing dynamics which ensue.  
Impact mechanics has far reaching applications, 
particularly in areas such as engineering and sport 
science. Many machines with moving parts are subject 
to unwanted impacts, which in certain instances lead to 
undesired dynamical behavior. 
2. Impact Law 

The understanding of the forces and impulses that 
occur at impact, together with an impact law, allows for 
certain predictions of the post-impact dynamics of 
impacting systems. An impact law is a physical law that 
is based on theory and experimentation and used to 
describe the physics of a collision between bodies. 
Many impact-law models have been developed, some of 
which include friction and some which do not. Impact 
laws can be split into two main classes, compliant and 
non-compliant. Compliant impact laws allow for 
deformation of the contacting regions of the bodies, 
whereas non-compliant impact laws require perfect 
rigidity, and that certain rigidity constraints are 
satisfied.  
3. Example System 
We use a basic planar model of a rigid slender rod 
impacting a periodically-oscillating surface. 

 
The only forcing acting externally is gravity and where 
either of the two isolated end points, named  and , 
can impact, get stuck to or slide along the periodically 
oscillating surface. The slender rod can essentially be in 
four different states; free flight (a),one of the two end 
points is stuck to the surface (b) and (c) or both end 
points are stuck to the surface (d). The fourth state here 

also allows for the release of the two end points at the 
same time, which in effect leads to a dynamical system 
that can be treated as an impacting particle. 
6. Numerics 
Here we will focus on numerical analysis of some 
aspects of long-term dynamics of the rod-surface 
system. 
 

 
Figure 1-Bifurcation diagrams showing how the steady-
state of the position of the centre of mass q2 varies as 
the frequency  is varied. 

 
Figure 2-Bifurcation diagrams showing how the period-
1 solution labeled p1 in Fig. 1(a) varies with ω when e∗ 
= 0.9, 0.7, 0.5, 0.3 and 0.1. Solid line represents the 
stable limit cycles and the dashed lines represent 
unstable limit cycles. It highlights the where the 
bifurcations saddle node (SN), period doubling (PD) 
and grazing (G) occur. 
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