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This study presents a successful attempt to reproduce White Etching Layer (WEL) under pure mechanical conditions, with the 
use of a new experimental test bench with tests conditions representative of the wheel-rail contact. The effect of the presence of 
a run-in or corrosive fuse layer at the rail surface has a great effect on the microstructure evolution. This layer prevents wear 
and allows microstructural transformation of rail steel. First, a tribological analysis of the effect of the surface preparation on 
material flows in the contact, hardness evolution, and formation of WEL is presented. Then a multiscale characterization 
approach combining optical microscopy, scanning electron microscopy and near surface EBSD characterization at the sub-µm 
level has been carried out to understand the formation mechanism of such mechanically formed WEL. 
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1. Introduction 

The white etching layer (WEL) is a Tribological 
Transformation of Surface (TTS) observed in steels, in 
presence of specific rail defects as squats. The WEL is 
characterized by its high hardness (from 400 Hv up to 
1200 Hv)[1]. Two main types of WEL formed from two 
different formation process can be found: a thermal one 
similar to martensite formation process, and a mechanical 
process resulting in a high deformation of the steel. This 
study presents the experimental reproduction of WEL 
mechanically formed, with the use of a new experimental 
test bench with representative tests conditions 

2. Methods 

In order to reproduce the rolling contact conditions, a 
novel test bench was developed called Triboring, which 
is more convenient in tribological circuit than twin-disc 
test benches. It consists in a small disc of diameter 70mm 
(representing the wheel), rotating on a horizontal circular 
ring of diameter 2 m (the rail). Both are made in pearlitic 
rail steel R260. 

 

 
Figure 1: Triboring test bench, a disc in rotation on a circular rail (the 

ring) 

The tests conditions are representative of the operation conditions 

(Pressure GPa, 0.5% Sliding). 

Three different sample’s surface treatments were applied 
to obtain the best tribological behavior in term of wear-

fatigue competition: two types of cleaning of the surfaces 

and corrosion of surfaces. This correspond to the 

presence of tribological fuse layer [2]. 

First, a tribological analysis of the effect of the surface 

preparation on material flows, hardness, and formation of 

WEL was held. A multi scale characterization approach 

combining optical microscopy, scanning electron 

microscopy and near surface EBSD characterization at 

the sub-µm level was carried out to understand the 

formation mechanism of the mechanically formed WEL. 

3. Discussion 

Depending on the solicitation and the presence of a fuse 
layer, the microstructure responses were different. 
The normal stress induced a refinement of the 
microstructure with the observation of two levels of 
fragmentation in the subsurface circular nanograins (0.1-
0.5 µm) in the first micrometers below the surface, and 
circular nanograins with slender entities (1-1.5 µm) 
which must be lamellae fragments.  
In case of shear caused by sliding, the microstructure has 
two mains responses between the surface layer and the 
deeper layer of material, which can be the signature of 
the cohesion of these layers. 
The presence of a fuse layer before the shear solicitation 
by sliding increases this cohesion, and turns the wear 
behavior into progressive microstructural transformation. 
Therefore WEL were formed through a mechanical 
process with realistic operating conditions avoiding the 
formation of thermal WEL. 
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