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 
Abstract—The present work aims at contributing to the study of 

the complex phenomenon of wear of pin on disc contact in dry 
sliding friction between two material couples (bronze/steel and 
unsaturated polyester virgin and charged with graphite powder/steel). 
The work consists of the determination of the coefficient of friction, 
the study of the influence of the tribological parameters on this 
coefficient and the determination of the mass loss and the wear rate 
of the pin. This study is also widened to the highlighting of the 
influence of the addition of graphite powder on the tribological 
properties of the polymer constituting the pin. The experiments are 
carried out on a pin-disc type tribometer that we have designed and 
manufactured. Tests are conducted according to the standards DIN 
50321 and DIN EN 50324. The discs are made of annealed XC48 
steel and quenched and tempered XC48 steel. The main results are 
described here after. The increase of the normal load and the sliding 
speed causes the increase of the friction coefficient, whereas the 
increase of the percentage of graphite and the hardness of the disc 
surface contributes to its reduction. The mass loss also increases with 
the normal load. The influence of the normal load on the friction 
coefficient is more significant than that of the sliding speed. The 
effect of the sliding speed decreases for large speed values. The 
increase of the amount of graphite powder leads to a decrease of the 
coefficient of friction, the mass loss and the wear rate. The addition 
of graphite to the UP resin is beneficial; it plays the role of solid 
lubricant. 

 
Keywords—Friction coefficients, mass loss, wear rate, bronze, 

polyester, graphite. 

I. INTRODUCTION 

HE wear is one of the major causes of the materials’ 
degradation and losses of mechanical performances of the 

equipments. It has a direct impact on the reliability and the 
longevity of the mechanisms. Wear by sliding depends on 
several tribological parameters which are interdependent such 
as the normal load (FN), the sliding speed (V), the material 
hardness, the geometrical and physical state of surfaces, the 
coatings, the lubricants… 

Bronze is very much used in the mechanical engineering for 
its interesting tribological characteristics. Polymers and 
composites are integrated in many industrial applications 
because of their advantageous properties (high specific 
strength, good corrosion resistance …). In order to improve 
tribological properties of the polymers, solid lubricants are 
added to the polymer matrix. These solid lubricants generally 
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develop a protective film against wear by severe abrasion of 
the reinforcements and the matrices. Micro and nano 
lubricating particles such as graphite, TiO2, SiO2, ZrO2 have 
been successfully used to reduce the coefficient of friction and 
the wear rate of polymers [1], [2] and reinforced polymers [3]-
[5]. 

In this paper, we present experimental results of the normal 
load, the sliding speed and micro-hardness influences on the 
friction coefficient in the bronze on steel contact and 
experimental results of the effect of the normal load, the 
sliding speed and the addition of graphite powder on the 
tribological properties of the unsaturated polyester UP. 

II. EXPERIMENTAL CONDITIONS 

A. Specimens Material 

The discs are made of XC48 steel. To change their surface 
hardness, they have undergone heat treatment (quenching and 
tempering at 250 °C and quenching and tempering at 500 °C). 
The Vickers hardness of the disc surfaces are Hv224 for 
annealed state, Hv338 for quenched and tempered at 500 °C 
state and Hv524 for quenched and tempered at 250 °C state. 

The pins are of bronze, virgin unsaturated polyester, and 
unsaturated polyester charged with graphite powder (0% G, 
1% G and 2% G). 

B. Geometry of Discs and Pins 

The bronze pins are machined in bars of square section 
6mm x 6 mm. Polyester pins are made by cutting and milling 
plates molded in virgin unsaturated polyester and unsaturated 
polyester charged with various mass percentages of a 
commercial graphite powder (%G) which did not undergo any 
chemical treatment. For the molding of the plates, three 
mixtures are prepared (Resin + hardener and Resin + hardener 
+ graphite 1 or 2%). These mixtures are homogenized then 
poured in moulds. The polymerization takes 24h at room 
temperature. 

C. Tests Conditions 

For virgin unsaturated polyester pin and charged 
unsaturated polyester pin, the tests are performed under four 
loads (FN=8 N, FN=13.5 N, FN=17.5 N and FN=22.5 N) at 
three different speeds (V=0.08 m/s, V=0.32 m/s and V=0.63 
m/s) for the three compositions of the pin (polyester virgin, 
polyester+1% graphite, polyester+2% graphite). 

For bronze pin the tests are performed under four loads 
(FN=22 N, FN=45 N, FN=68 N and FN=90 N) and three 
different speeds (V=0.08 m/s, V=0.32 m/s and V=0.89 m/s) for 
the three states of XC48 steel (annealing, quenching and 
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