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EXPERIMENTAL INVESTIGATION OF THE FRICTIONAL 
CONTACT IN PRE-SLIDING REGIME 

 
Iuliana PISCAN1 

În această lucrare sunt investigate din punct de vedere experimental, 
caracteristicile contactului cu frecare în regimul de pre-alunecare. Pentru 
efectuarea măsurătorilor, un tribometru existent a fost utilizat. Curbele histerezis, 
determinate experimental, sunt reprezentate printr-un model parametric. Astfel, prin 
reprezentarea curbei histerezis caracteristice, rigiditatea de contact şi amortizarea 
echivalentă au fost determinate. Rezultatele experimentale relevă un comportament 
tipic al curbei histerezis şi un comportament previzibil al frecării. Coeficientul de 
frecare scade cu creşterea forţelor normale, în timp ce forţa de frecare creşte cu 
creşterea forţelor normale. Distanţa de pre-alunecare creşte odată cu creşterea 
forţelor normale. 

This paper investigates the experimental study of the frictional contact 
characteristics during pre-sliding regime. For the experimental tests, a previously 
developed linear tribometer is used. The measured hysteresis loops are fitted using a 
parametric model equation. From the virgin curve expression, the contact stiffness 
and damping are determined. The experimental results describe a typical hysteresis 
curve and an expected frictional behaviour is confirmed. The friction coefficient 
shows a decreasing behaviour with the load in opposition with the friction force that 
is increasing with load. However, the pre-sliding distance is increasing with higher 
load.  

Keywords: frictional contact, hysteresis, friction force, friction coefficient, 
contact stiffness, equivalent damping 

1. Introduction 

Frictional contacts have a nonlinear behaviour that can be found in almost 
any mechanical system with moving components. Contact has an important role in 
transmitting forces and/or torque in any mechanical systems. Therefore, the 
behaviour of structures or joints, e.g. bolted connection, flat on flat connection, 
guidelines are considerably influenced by the contact parameters.  

Friction force is the result of relative motion of two or more contacting 
surfaces in tangential direction. Dry frictional contact depends on various factors 
such as the applied load, surface topography, sliding velocity, temperature, elastic 
and plastic properties, material of frictional surfaces and displacement of the 
bodies in contact [1]. The most important characteristics of friction that occur 
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during the process of friction are the hysteretic effects. The hysteretic effect can 
be perceived during sticking and sliding phases being caused by the behaviour of 
friction force that acts as a nonlinear spring before sliding. This phenomenon, 
appearing at the microscopic level, is called pre-sliding displacement and is 
resulted from the tangential contact stiffness between contacting bodies [2, 3, 4, 
5]. 

Numerous studies concerning contact problems with friction have been the 
subject of various experimental investigations for many years and recently 
numerous computational investigations have been performed.  

The characterization of friction depends significantly on the accuracy of 
experimental measurements. The frictional behaviour is generally a characteristic 
of the system, and not only of the materials in contact, therefore no single test can 
describe all types of frictional situations [6]. 

Furthermore, studies have been made in relating the friction coefficient to 
contact parameters and relevant operating conditions through theoretical 
modelling [7, 8] though the most significant sources of guidance to practical 
values are experimental investigations [9, 10, 11]. 

This paper treats the experimental friction identification in the pre-sliding 
regime friction, which is predominantly position dependent (function of pre-
sliding displacement) for a flat on flat connection.  

The aim of these experiments was to determine the friction force and the 
relative displacement, x as a function of the normal load at different load cases, 
for different materials and to evaluate the breakaway force, the maximum 
attainable friction coefficient and the maximum stiffness. The experiments were 
limited to the pre-sliding regime, which is predominantly position dependent 
(function of the pre-sliding displacement). The normal load dependency is the 
most critical in this analysis.  

In the pre-sliding (micro-slip) regime, the relative displacement between 
the two contacting surfaces is microscopic. The friction force in this regime is 
mainly a function of displacement, and is due to the adhesive forces derived from 
the asperity junction elasto-plastic deformation. As the displacement increases, 
more and more junctions break, and finally there is a breakaway displacement 
beyond which gross sliding (the sliding regime) begins [2]. 

2. The experimental procedure 

The experimental investigation is carried out to determine the 
characteristics of the frictional contact. The measurements are performed on a 
previously developed tribometer [12] with some minor adjustments. Tribometers 
can be used for investigation of rolling or sliding friction in dry or lubricated 
contacts. In this paper, the used tribometer is for sliding friction in dry conditions. 
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By using this setup, when the upper body starts to slide on the lower body, the 
friction coefficient sμ  can be determined as a ratio between the friction force 

fF and the normal load, W   

W
Ff

s =μ                                                                                                                      (1) 
 

 The test geometries for these types of experiment can be classified into 
two main groups: conformal and non-conformal geometries as shown in Fig. 1. 
For the conformal geometry, a precise alignment of the two contacting surfaces is 
required and the contact pressure is uniformly distributed. The contact stresses, in 
non-conformal contact tests are varying with location in the region of contact 
during the experiments [13]. 

 
Fig. 1. Friction measurements using conformal geometries: a) flat pin on disc, b) thrust washer, c) 

pin on cylinder, d) shaft bush and non-conformal geometries: e) hemispherical pin on disc, f) 
crossed cylinder 

Fig. 2 shows the conformal contact geometry and the two contacting 
bodies used in experiments, which makes contact in one surface. The lower body 
is supported by a moving block which makes contact with the upper body 
supported by the friction block, on which the friction force acts. Two 
displacement sensors measure the relative displacement of the two contacting 
bodies and the friction force is measured by a force cell. 

 
Fig. 2. Configuration of the contact geometry 
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Three material pairs are used for the experiments:  
• Aluminium on aluminium; 
• Plastic on plastic (PVC on PVC); 
• Steel on steel; 

The material pairs were used in the experimental investigation as a contact 
material because of their predominant applicability in many mechanical 
structures.  

3. The experimental computation of hysteresis loops  

The friction force Ff as a function of the relative displacements x, or the 
hysteresis loops, determined experimentally were averaged over the periods in 
order to eliminate noise and random behaviour effects. These curves are fitted 
using the exponential equation [14]: 

)1()( )(
0 0xxacehxF −−−=                                                                                     (2) 

The parameters, h0 and ac are used to evaluate the results. The parameter 
x0, represents a variable which allows to shift the starting point of the hysteresis 
half towards the origin of the hysteresis. Other model equations are also possible 
[4]. Many experiments were performed for different normal load cases and for 
different displacement amplitudes, in order to determine the evolution of the 
frictional force as a function of the normal load, the contact stiffness and contact 
damping. The experiments are restricted to the pre-sliding regime.  

3.1. Experimental results for aluminium on aluminium  

The experimentally determined hysteresis loop and its fit for one material 
combination (Aluminium) is shown in Fig. 3.  

The model parameters, h0 and ac, are used to describe the hysteresis 
behaviour. The first parameter h0, representing the saturation value of the 
hysteresis loop can be seen as the static friction force limit, or the breakaway 
force. The parameter ac represents a measure of the curvature of the hysteresis, 
determining the shape of the curve and can be interpreted as follows: for higher 
values of ac, the curve will be more convex and, therefore the dissipation per cycle 
will increase. These parameters are plotted in Fig. 4 as a function of the normal 
load. An increasing trend for h0 can be noticed and the parameter ac is decreasing 
with an increasing normal load. These trends are also observed in the 
experimental results described in [14], where the relation between the friction 
force and the normal load was investigated in pre-sliding up to sliding for three 
material contacts, e.g. steel on PET, PET on PET, steel on brass.  
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Fig. 3. Hysteresis in pre-sliding regime: aluminium on aluminium, W = 109 N, f = 1Hz 

 In Fig. 4, these parameters are plotted as a function of the external normal 
load W. One can notice an increasing trend for h0, while the parameter for the 
curvature of the hysteresis ac, decreases with an increasing normal load. In Fig. 5, 
the pre-sliding distance is plotted as a function of the normal load, which 
increases with increasing normal load. 
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Fig. 4. Evolution of the hysteresis parameters as a function of the normal load for aluminum on 

aluminum  
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Fig. 5. Evolution of the pre-sliding distance as a function of the normal load  
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 The evolution of the pre-sliding distance is described in Figure 5. The pre-
sliding distance is defined such that 0.99 breakawayF F≈  [14]. 

c
m

xa
a

xe mc 01.0ln01.0 −
=→=−                                                                          (3)  

 Based on the identification of the virgin curves, the pre-sliding coefficient 
of friction is plotted in Fig. 6 as a function of different normal loads and 
displacements that are extrapolated beyond the pre-sliding distance. For higher 
loads, the friction coefficient ( Wh0 ) is decreasing and the pre-sliding distance 
( cm ax 1≈ ) is increasing, where the blue dots represent the pre-sliding distance. 
An opposite trend is noticed in Fig. 7 where the friction force is increasing with 
increasing normal load.  
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Fig. 6. Evolution of the friction coefficient for different load cases and displacements  

 
 

 
 

Fig. 7. Evolution of the friction force for different load cases and displacements  
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The equivalent contact damping ω⋅ec  [ ]mN μ , plotted in function of the 
normal load and displacement is shown in Fig. 8. The contact damping is 
increasing with higher normal load and decreasing with the increasing 
displacement after reaching a maximum. 
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Fig. 8. Equivalent damping as a function of normal load and displacement 

 In Fig. 9 the global contact stiffness and, respectively, the local contact 
stiffness are shown. This figure shows that the stiffness is increasing with the load 
and weakening with the amplitude. 
 The difference between the two contact stiffnesses is the method of 
computation: the global contact stiffness (5) is the ratio between force and 
displacement and the local contact stiffness is the derivation of the virgin curve 
(4) (see related equations below):  
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Fig. 9. Global stiffness and local stiffness as a function of normal load and displacement 
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x
h

k virg
g =                                                                                                                                (5) 

 

3.2. The experimental results for PVC on PVC  

 The results of the experiments with PVC are presented in this section. In 
Fig. 10, the amplitude and load dependency of the hysteresis loops are plotted for 
the same load with different amplitude and for different increasing amplitudes at 
different normal loads. This figure shows that the hysteresis curves are weakening 
as a function of amplitude and stiffening as a function of normal load. As it can be 
noticed, this contact material has a similar frictional behaviour as aluminium 
contact. 
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a)                                                                                 b) 

Fig. 10.  The friction force F as a function of the displacement x : a) for the same loads 
with different increasing amplitudes; b) for different loads and different increasing amplitudes 
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Fig. 11. Evolution of the hysteresis parameters as a function of the normal load for PVC on PVC  
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Fig.12.  Evolution of the pre-sliding distance as a function of the normal load for PVC on PVC  

In Fig. 11, the model hysteresis parameters h0 and ac are observed. A 
similar increasing trend for h0 and decreasing trend for ac as in the previous 
experiments is confirmed. The evolution of the pre-sliding distance is visualised 
in Fig. 12.  
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Fig. 13. The evolution of the friction coefficient and friction force as a function of normal load and 

displacement 

The evolution of the coefficient of friction and friction force as a function 
of the normal load and displacement, are plotted in Fig. 13. Fig. 14 presents the 
equivalent contact damping as a function of the normal load and displacement. 

In Fig. 15 are showed the local contact stiffness and global contact 
stiffness which have the same trend as for aluminium contact.  
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Fig. 14. Equivalent damping as a function of normal load and displacement 
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Fig. 15.  Local and global stiffness as a function of normal load and displacement 

3.3. Experimental results for steel on steel  

 The experimental results for steel on steel prove that the system is not 
powerful enough to perform the friction identification in pre-sliding regime as a 
function of the load conditions. Due to the limitation in the power of the actuator 
only a small portion of the hysteresis that can be seen as a pure stiffness could be 
identified. The highest damping is observed at the lowest load.  
 In Fig. 16, some hysteresis data of the two bodies and the relative 
displacement of them and, separately the fit of the relative displacement hysteresis 
are plotted for one normal load W=75 N. It can be seen that for higher loads there 
is not hysteresis loop due to the stiffness in the contact that is increasing with the 
normal load. However, the evolution of the parameters 0h  and ca  shows similar 
trend with higher values for 0h   and lower values for ca  compared with the 
studied material contacts (Fig. 17).  
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 a) Raw data                                                                                     b) Fit data 

Fig. 16. Hysteresis in pre-sliding regime: W  = 75 N, f = 1 Hz; a) raw data; b) fit data 
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Fig. 17. Evolution of the hysteresis parameters as a function of the normal load for steel on steel 
contact 

 
 In Fig. 18 is presented the pre-sliding distance as a function of the normal 
load that has a similar trend. The values for the pre-sliding distance are much 
higher than for other material. In Fig. 19  is presented the equivalent damping 

ω⋅ec
 
as a function of the normal load and displacement. The global contact 

stiffness and local contact stiffness are shown in Fig. 20.  
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Fig. 18. Evolution of the pre-sliding distance as a function of the normal load for steel on steel  
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Fig. 19. Equivalent damping as a function of normal load and displacement 
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Fig.20. Local stiffness and global stiffness as a function of normal load and displacement 
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4. Conclusions 

 In this paper, an existing friction model is used to determine the frictional 
characteristic of three different contact materials in a flat on flat configuration. 
For this type of configuration, the friction force as a function of the displacement 
and normal load was investigated. A typical hysteresis behaviour for the 
aluminium and plastic contact was observed which is material, normal load and 
displacement, amplitude dependent. Due to the limitations in force of actuator and 
hardness of steel, only a small portion of the loop could be identified, therefore 
the parameter identification of the model parameters could not be correctly 
determined. However, the trend is the same as for the other two contact materials, 
e.g. aluminum and PVC. 
 The experimental results were described, in which the evolution of the 
friction coefficient and friction force as a function of the normal load and 
displacement is presented. The friction hysteresis curve was determined by two 
parameters, which describe the curvature of the hysteresis curve and the saturation 
value. The increased saturation value with the normal load seems to be non-linear 
due to the frictional contact. The pre-sliding distance, decreases with increasing 
normal load.  
 The contact stiffness and equivalent contact damping are determined from 
the virgin curve expression. For all material contacts, the contact stiffness is 
increasing with the load and weakening with the displacement and equivalent 
contact damping is increasing with the increasing normal load and displacement. 
The behaviour of the frictional contact is necessary in order to predict and to 
control the performance of mechanical structures. The experimental investigation 
is performed in order to understand the behaviour of frictional contact. The 
experimental results will be used to develop a theoretical model of the tangential 
contact stiffness of flat on flat frictional contacts. 
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