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In a wide majority of mechanical systems, contact-induced vibrations cover a critical role. The present work is 
focused on the non-linear stick-slip contact response. Several non-linear analyses of such phenomenon have 
been carried out in the past years through analytical and numerical approaches applied to lumped frictional 
systems. In this work, the nonlinear response of the frictional system and its bi-stable feature is reproduced and 
investigated, both experimentally and numerically, on a continuous frictional system. A finite element model 
and a dedicated experimental setup have been developed to reproduce the contact interaction and the consequent 
bi-stable response for a continuous system.  
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1. Introduction 

In the field of friction-induced vibrations, the stick-slip 
phenomenon [1] plays a major drawback for many 
systems that include contact between components, e.g., 
contact joints, brake systems [2], etc. The stick-slip 
instability is generally driven by the combination of 
several tribological and dynamic parameters of the 
mechanical system. One of the most evident proofs of the 
stick-slip non-linearity is the Hopf bifurcation. The 
presence of two possible solutions for the same 
parameters is clearly a sign of the underlying non-linear 
behaviours originated by the contact interaction. A recent 
work has extended the simulations to multiple degrees of 
freedom system, weakly connected together, showing 
localization of the instability [2]. While the majority of 
the works in literature reproduce and analyse the 
phenomenon in lumped systems, the present work 
provides an experimental and numerical analysis on a 
real continuous contact system.   

2. Methods 

A numerical and experimental benchmark has been 
developed in order to reproduce and investigate the non-
linear frictional response of a continuous system. A 
frictional oscillator, with the geometry of a pendulum 
(Figure 1-a), is clamped at one side on a fixed frame and 
in frictional contact with a rotating disc on the other one. 
The oscillator is put in contact with its counterpart, a steel 
disc driven by an electric engine, imposing a vertical 
displacement to its clamped end. Both the normal and the 
tangential forces are acquired with a 3-axial piezoelectric 
transducer (KISTLER 9027C). In order to follow the 
system response, an accelerometer (B&K type 4397) has 
been used to recover the dynamics of the oscillator. A 
SIRIUS® dynamic acquisition system is used for 
recording the signals with a sampling frequency of 20 
kHz. On the other hand, the finite element model is here 
developed for reproducing by transient simulations the 
bi-stable region as a function of the friction coefficients. 
A parametrical analysis has been performed as a function 
of the normal load, inclination angle and friction 
coefficients, showing a good agreement of the results 
with both the experiments and previous works on lumped  

 
systems. Finally, the bifurcation curve of the system 
acceleration has been reconstructed experimentally. 
  

 
 

Figure 1: (a) 3D printed oscillator; (b) experimental 

setup with: (1) vertical support, (2) horizontal support, 

(3) linear vertical positioning system, (4)3D force 

transducer, (5) angular positioning system, (6) massive 

block, (7) oscillator, (8) steel disc. 

3. Discussion 

The present work extends the investigation of contact 
stick-slip instabilities and the relative Hopf-bifurcation to 
continuous systems, both experimentally and 
numerically. While relevant works in literature deals with 
this topic by analytical and numerical models on lumped 
systems, the reproduction and analysis of the contact bi-
stable response on a real system has been here 
investigated. 
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