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The current state of knowledge on the interaction between surface topography and wear in the tram/train wheels rail 
contact is quite limited. The application of standardised characteristics is restricted to a few very popular (Ra, Rq and 
Rz) but not necessarily the most adequate parameters. Additionally, their influence on the wear of the wheel-rail 
contact mainly relates to the surface initial state and not its evolution as a result of disruptive processes. Therefore, 
in this paper, after identifying the leading wear mechanisms, a topological appraisal of the worn surfaces of different 
parts of the tram wheels was made and compared to their technological state.  
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1. Introduction 

The increasing development of tram networks and the 
increasing number of used urban rail vehicles generate 
the need to search for solutions that maximize their 
durability and reliability. Taking into consideration the 
tribological point of view, particularly the relationship 
between motion and friction, the wheel/rail contact of the 
tram is particularly important. It is some paradox that the 
information on surface roughness is only used to a very 
limited extent to assess the technical condition of rail 
vehicle wheels, and alternatively the identification of first 
symptoms of wear. Our previous investigation has shown 
that the surface topography measurements and the 
analysis of its parameters show high potential in 
identifying the wear of the running surfaces of tram 
wheel tyres [1]. Due to fact that wear also occurs on the 
top and side surfaces of the wheels tyres, the analysis of  
their surface topography in the aspect of identified wear 
processes was carried out. On this basis, specific 
roughness parameters were selected that may be helpful 
in servicing tram wheels and detection of developing 
wear process. 

2. Methods 
All the trams analysed operated in Poznań, the fifth 
largest city in Poland. Worn wheel tyres from four types 
of tram were investigated. They were compared with new 
tyres that have the same geometrical structure and 
dimensions. All wheel tyres came from the first, driving 
bogies , where due to the highest load the highest wear 
occurred. The wear mechanism was identified by means 
of analysis by optical microscopic and SEM observations 
of the different wheels surfaces and their cross-sections. 
The topographic analysis was performed, applying a 3D 
optical interferometer on rectangular (10mm x 10mm) 
areas. 

3. Discussion 

Based on the SEM and microscopic analysis presented in 
this investigation it can be stated that RCF by shelling is 
the dominant wear mechanism of surfaces of all wheel 
tyres analysed (Fig. 1). However, it was not pure RCF, 
traces of adhesive and abrasive wear were also identified. 

Traces of adhesive wear are in the form of "black micro-
craters” located in post-shelling material losses. The 
source of abrasive wear can be due to various factors: 
“crumbled” parts of RCF-shells or adhesive wear losses, 
sharp edges of RCF-failed surfaces and external impacts.  

 

Figure 1: SEM pictures of the worn top surface of the tyre 

flange of the tram wheel and the topographic characteristics 

determined for it. 

 
The study of the roughness height parameters and the 
characteristics describing AFC allow selecting those that 
best reflect the operational changes of the analysed 
surfaces of tram wheels tyres. Parameters describing the 
geometry and volume of surface valleys are at a similar 
level when signs of RCF are observable. This probably 
indicates that the activation of RCF precedes the reaching 
of a certain limit in the state of the tyre’s running surface. 
Moreover, parameters describing the core and peak part 
of surface roughness are strongly correlated with the axle 
load and mileage of the first bogie of tram.   
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