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Abstract: Starting form a virtual model of a device designed to investigate friction force effects in colliding 

mechanical systems, the authors have developed a test-rig.  The friction force effects had to be estimated using a 

rotating sensor.  Finally, to protect the sensor from shock effects, a constructive solution is proposed.  The 

accuracy of the new device is estimated using FE analysis. 
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1. Introduction 

In a series of recent papers, the authors, [1], [2], [3], [4], were concerned about impact 

phenomena, particularly how the friction forces influence different kinematical and dynamical 

parameters of the system.  The importance of the effects of the phenomena that occur with 

sudden variation of the parameters was emphasised for the last decades, due to the progress 

achieved in the computing technology domain that allowed a multi-body theory approach of 

dynamic aspects concerning the mechanical systems, Wittenburg, [5], Shabana, [6], and 

Nikravesh, [7]. 

There are theoretical approaches, more or les complicated, trying to describe the 

dynamical behaviour of a system where collision phenomenon takes place.  Based on these 

theories, softwares were created to describe the behaviour of such systems.   

Regardless of the complexity of the theory of software, applying these requires 

experimental results a good agreement between the modelled results and the experimental 

ones.  The tests concerning impact phenomena imply surmounting two interrelated aspects, 

namely: first, the extremely reduced time of impact and, second, the really high values of 

contact forces.  The later obliges considering protective measures upon control 

instrumentation.  
  

2. Theoretical remarks 

The impact phenomena are studied via two approaches.  The first, considers an 

instantaneous collision of rigid bodies, according to Brach, [8].  The variation of different 

parameters is expressed using several coefficients from which the most well-known is the 

coefficient of restitution (COR), defined as the ratio with changed sign between the normal 

components of relative velocities of contact points, after and beforecollision.  For friction 

collision, Brach introduces two coefficients of restitution, characterizing tangential 

component of velocity variation and angular velocity, respectively.  The weak point of this 

model is the impossibility to estimate the impact forces and torque, as the instantaneous 

collision conducts to infinite force values.  A second study manner concerns the continuum 

model that considers a continuous parameters’ variation during the impact.  For undumped 

collision, the solution of the problem is given by Timoshenko, [9], and for dumped collision, 

the model is based on works due to Dubowsky and Freudenstein, [10], and Hunt and 

Crossley, [11].  Starting from a Kelvin Voigt model for two colliding bodies, with the remark 
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that the hysteresis loop is opened, the later propose a modified equation of the model with the 

aim of obtaining a closed hysteresis loop.  Lankarani and Nikravesh, [12] continue the 

theoretical research carried out by Hunt and Crossley, [11] and, for describing the central 

collision of two spheres, give the following equation:  
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where K  is a constant that takes into account the elastic characteristics of the two spheres and 

the local geometry in the vicinity of contact point, ec  represents COR, n  is a power exponent 

of force-deformation relation for a Hertzian contact; for the two spheres in contact, this takes 

the value 23 / , according to Johnson, [13].  The normal approach is denoted  , and  , 0
  

represent the velocity and the initial impact velocity, respectively.  The equation (1) can be 

applied only for stiff bodies, when 90.ce  .  Recently, Flores, [14],proposed a modified form 

of equation (1) that can be applied for soft materials, too.  This modified form is: 
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This concise review ought to include the monographic work of Goldsmith, [15], wherein 

besides theoretical aspects, very useful experimental results are presented.  
 

3. Subject argument 

Aiming to find experimentally the friction force, as value and effects, from collision, the 

authors proposed a dynamic model consisting from a mathematical pendulum, having a 

cylindrical rod ended with a steel ball, [1], as shown in Figure 1.  The ball collides with the 

frontal face of a steel cylinder rotating about its own revolution axis.  The pendulum oscillates 

around the joint denotedby B .  By introducing a revolute joint, C , with the axis along the 

pendulum rod, the pendulum may rotate around the rod axis.  During collision, the normal 

impact force generates a friction force responsible for the ball rotation around the axis of C  

joint.  The friction torque and the friction force can be found by measuring the variation of 

angular velocity.  The dynamical behaviour of the system was simulated via ADAMS 

software.  The Figure 2 presents the normal contact force variation and it can be observed the 

appreciable magnitude, in the order of 510 Newton .  For a theoretical estimation of normal 

contact force, the authors applied a combined analytical and numerical integration method and 

integrated the equation (1).  The collision of two identical steel balls, of mass kg1 , impacting 

with initial velocity s/m10  , was considered.  Figure 3 presents the variation versus time 

of contact force and Figure 4 present the dependence of contact force on normal approach  .  

In Figure 3, in abscissa, the dimensionless time, as ratio between time and the undumped 

impact duration Ht , (value mentioned on Figure 3), was considered.  In Figure 4, in abscissa 

was considered the ration between the normal approach and the maximum undumped 

approach, H .  It can be noticed that the results for normal contact force from FEM-

ADAMSsimulation are comparable to the results obtained theoretically.  
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Fig.1. Rotating pendulum model  Fig.2.Contact force variation from ADAMS simulation 
 

  
Fig.3.Impact force from theoretical model Fig.4.Impact force versus normal approach 

 

 

The high values of contact impact forces generate important reactions in mechanism’s 

joints where collision phenomenon occurs.  Therefore, special protective measures upon 

control instrumentation should be considered.   
 

 

4. The experimental test-rig and improving solution 

Based on the model presented in Figure 1, an experimental device was constructed and it 

is presented in Figure 5.  The angular velocity was intended to be measured using a rotation 

sensor placed on the rig frame.  The rotating motion from the axis of the pendulum is 

transmitted using a rubber belt, stretched by two rolls, one fixed on the sensor’s shaft and the 

other one, denoted roll 1 and placed on the pendulum’s shaft.  This belt transmission system is 

ineffective because at large launching amplitudes of the pendulum, either the belt bounds the 

roll, or, if remaining on the roll, the sudden angular velocity change produces belt slip over 

the rolls and the results are erroneous.  Consequently, for accurate results, the sensor should 

be placed directly on the pendulum’s shaft.  The inconvenience of this solution consists in 

significant inertial forces arising during collision, capable of damaging the sensor.  
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Fig.5. Experimental device 
 

To get rid of this inconvenience, the next solution was adopted: the sensor was placed using a 

auxiliary mechanism having the degree of freedom: 2DOF .  The driving motions of this 

mechanism, presented schematically in Figure 6, are the oscillating motion and the rotation 

motion around the rod axis.  The mechanism consists of the frame, 0 , the pendulum 

(elements 1  and 2 ), and supplementary elements 3  and 4.  The pairs of mechanism are: four 

revolute joints, namely: B , C, E and F and a cylinder-plane high pair joint, D.  The degree of 

freedom of the mechanisms is: 
 

22154156  )(DOF . (3) 
 

The normal reactions from the revolute pair, F , will be taken by the frame and thus only 

the rotation motion will be transmitted to the shaft of the sensor.  The mass moments of 

inertia for the mobile elements of the sensor are negligible and it results that the inertial 

torque acting on it is also insignificant and therefore, the sensor is protected from sudden 

changesof kinematical parameters.  

Another aspect to be mentioned concerns the effect upon the accuracy of the results 

given by the supplementary elements 3 and 4 positioned between the sensor and pendulum.  

An analytical study is difficult to perform, as Yang, [16], demonstrates, but, as the model of 

the mechanism is obtained via CAD methods, a kinematical analysis using specialised 

software can be used to observe the response of the system at different input motions. As 

driving motions were considered: a sinusoidal dumped oscillation, with an initial launching 

angleof o60 ; for axial rotation, it was assumed that for every impact the pendulum revolves 

with the same angle.  The results are presented in Figure 7 and Figure 8.From Figure 8 it can 

be noticed a difference between the signals from the joints C and F.  This dissimilarity can be 

significantly reduced if the launching angle of the pendulum is less than o20 .  For the case 

requiring a greater initial impact velocity, the launch can be made using a spring but a 

procedure for finding the initial impact velocity is needed.Figure 9 presents the variation of 

the parameters from figures 7 and 8, for a launching angle o20 .  One can observe that the 

revolute angles from C and F joints are identical, but of opposite sign. 
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Fig. 6  Auxiliary mechanism for avoiding sensor’s damage 
 

  
Fig.7  Revolute angle variation in B and E joints Fig. 8 Revolute angle variation in C and F joints 

 

 
 

Fig. 9  Positional parameters in revolute joints of mechanism 
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5. Conclusions 

The paper presents a review of the main aspects concerning impact studies and a 

proposed virtual model completed using ADAMS software, for studying the friction forces 

from colliding systems.  

An experimental device was designed based on the virtual model and constructed in the 

laboratory to study the friction force effect during impact.  The friction impact effects are 

estimated using a rotation sensor.  An initial design solution proved unsuitable and a new 

solution is proposed allowing the use of the same sensor and protecting it from shocks.   

The agreement between the rotation of driving element and the signal of the sensor is 

estimated using a FE model.  
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