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A stable coefficient of friction of disc brakes is required for train performance, which is difficult for variable 
loads and high temperatures. It is proposed here to highlight the mechanisms associated to these ageing friction 
properties. This is done by extensive studies of surfaces and materials. A strong evolution of materials in-depth 
is shown, as far as an evolution of the 3rd body layer, during the first phases of energy build-up until the friction 
performance is stabilized. Excessive degradation occurs for extreme loads leading to unstable performance. 
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1. Introduction 

Tribological performances of friction brake is a great 
challenge in transportation as design specifications is 
based on stable friction coefficient wathever the 
conditions. These requirements have led to the 
development of very complex materials with many 
components [1]. Analysis of performances is generally 
done with the study of the tribolayer: morphology and 
composition [2]. About the materials, few studies deal 
with the consequence of braking sequence on the friction 
material evolution. However, the study of the tribological 
circuit, at the origin of friction performances, requires an 
understanding of the material mechanisms involved as a 
source and an influential parameter of this circuit.  

2. Methods 

In this paper friction performances are studied along a 
high energy braking sequence. In order to explain the 
evolution of the friction coefficient (COF), surfaces and 
materials analysis in depth are conducted. For easy 
interpretation, a simplified friction material formulation 
has been developed, made of less than 10 components of 
different type and size. It is a metallic matrix composite 
obtained by sintering. The disc is made of steel. Tests 
have been done on a full scale dyno to consider the 
effective system influence, and on a pin-on-disc to 
improve loading measurements and to facilitate analysis. 

2.1. COF evolution 

An example of COF for 2 sequences of growing energy 
braking is shown in Figure 1. COF tends to stabilize, but 
tends to decrease at high temperature.   
 

 
Figure 1: COF for sequences of growing energy braking 

2.2. Surface analysis  
Examination of the contact surface indicates that the 
tribological circuit was fully developed at the end of the 

program. Analysis at high magnification shows a 
compacted tribo-layer, but also that some components 
(mainly graphite) are not covered, with cracking of the 
3rd body and the friction material promoting detachment. 
 

 
Figure 2: SEM (SE) of the contact surface exhibited 

compacted third body and graphite particles 

2.3. Friction material 
Transformation of the microstructure in depth of the 
friction material is illustrated in figure 3 with a 
consequence on the evolution of hardness and 
embrittlement with the development of micro-cracks.   

 

 
Figure 3: Microstructure of the friction material before 

and after high-energy braking 

3. Discussion 

A strong evolution of the materials is observed along 
braking, particularly at high temperature, with the 
development of a heterogeneous but compacted third 
body, promoting the stabilization of performance. 
Beyond a certain load level, the degradation mechanisms 
of the third and first bodies take over, increasing wear 
rates and instability of friction performance.  
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