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Abstract: The paper presents numerical simulation and graphical analysis of a mechanical vibro-impact system 
actuated by a harmonic force. The analytical study shows chaotic behavior of the mechanical system with two 
degrees of freedom and also the influence of initial conditions. Numerical results obtained using Runge-Kutta 
numerical method for solving differential equations were programmed in C, for different values of mechanical 
system parameters and initial conditions.  
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1. INTRODUCTION  
 
 The impact damper systems are often utilized 
in many applications in engineering, such as 
soil compaction machines, drills and ball 
grinding equipment etc.  It is important to study 
these mechanical systems and especially their 
dynamic behavior, because these movements 
are very important in the design and 
optimization of this vibrating machines and 
devices. 
 In this paper, we consider the mechanical 
system shown in figure 1, the mass m1 being 
driven by a harmonic force. The mass m2 is 
placed inside the mass m1 and moves without 
friction and with limited amplitudes. 
 The movements of mechanical system with 
two degree of freedom are modeled with 
simultaneous differential equations of second 
order, written according the Newton’s law. In 
the first part of this paper are presented a 
theoretical analysis of vibro-impact system, the 
determination the equations of motion and the 
numerical method used to solve the system of 
differential equations. The second part contains 
numerical results and graphs obtained 
considering different parameters of the 
mechanical system. 
 The chaotic motion of mechanical vibro-
impact systems with one, two or more degrees 
of freedom, has been studied in many papers 

[3], [4], [7], and also in different chapters of 
books dealing with the mechanical vibrations 
[2], [5], [10], [11].  
 The bifurcation diagrams, the masses 
movements of dynamic systems with single or 
double impacts are presented in some papers 
belonging to Peterka et al as [1], [7], [8].  
 The damping characteristics of a vibro- 
impact system were studied in [17] also the 
phenomenon of the cutting tools durability. The 
masses weight ratio [4], [15], the bifurcation 
diagrams [6] and the coefficient of restitution 
can be used to perform optimal design of these 
systems. 
 
2. THEORETICAL BACKGROUND 
 
 The studied mechanical system (Figure 1) is 
composed of a main system and an auxiliary 
system, the mass m1 of the main system being 
actuated by a harmonic force. Elements of mass 
m2 of auxiliary system have to be determined as 
that the vibration amplitude of the main system 
be minimal.  
 The mass m1 is moved out of equilibrium 
position due to the harmonic force F0cosωt and 
influenced by the spring elasticity coefficient k1 
and by the damper characteristic c1. 
  The second mass moves in the longitudinal 
cavity of mass m1 and it has the possibility to 
collide with the walls of the main mass. The 
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 The column matrix of the two masses 
acceleration is as follows: 
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 By using the notations: 

24132211 xy,xy,xy,xy && ==== , the system 
of two differential equations of second order  
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 By replacing the above notations with the 
absolute displacements z1 and z2, one can write: 
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where r is the coefficient of restitution, which 
describes the semi elastic impact of the two 
masses, having values between 0 and 1. If the 
impact is elastic the value of coefficient of 
restitution will be considered 1. 
 During vibration, when the impact mass m2 
collides with the main mass m1, occur 
impulsive forces acting on the two masses. 
Because the mechanical system executes 
nonlinear or linear motions, were considered 
two cases:  
 

1. Case I: dyd )1k(
2 <<− + , the mass m2 is free 

to move, without collisions. In this case the 
mechanical system executes combinations of 
linear or harmonic motions. 

Using the fourth order numerical method of 
Runge–Kutta and solving the differential 
equations of system, it is obtained 
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2. Case II: dyordy )1k(

2
)1k(

2 >−< ++ , the mass 
m2 collides with the mass m1, in this case the 
mechanical system executes nonlinear  chaotic 
movements.  

In this case during the considered iteration 
will exist the following relations between initial 
and final speeds: 
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Studiul dinamic şi modelarea sistemelor vibropercutante 

 
Abstract: Lucrarea prezintă simularea numerică şi analiza grafică a unui sistem mecanic vibropercutant 
acţionat de o forţă perturbatoare armonică. Studiul analitic prezentat atestă comportamentul haotic al 
sistemului mecanic cu două grade de libertate, precum şi condiţiile iniţiale pentru care sistemul ar avea 
un comportament haotic. Rezultatele numerice sunt obṭinute cu ajutorul unor programe C, folosindu-se 
metoda numerică Runge-Kutta de rezolvare a ecuaţiilor diferenţiale, pentru diferite valori ale 
parametrilor de calcul. 
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