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Summary of project concept 

In the ongoing SIM SBO project Material and Signal processing based prediction of WEC probability (MaSiWEC) 
the aim is to predict premature rolling contact fatigue (RCF) failures in roller bearings of the high speed stage 
in wind turbine drivetrains. The involved damage mechanism, referred to as “White Etching Cracking” (WEC), 
has been reported to reduce the fatigue lifetime down to 30% (or even less) of its expected lifetime, leading 
to unforeseen turbine maintenance associated with significant downtimes and OPEX. Various potential causes 
for premature RCF, of which WEC formation is a symptom, have been put forward in literature.  A subsurface 
crack initiates and grows from a stress raiser such as an inclusion; repeated rubbing between crack surfaces 
causes gradual microstructural alterations and thus WEC. Based on experimental studies it is postulated that 
the primary driver is the stress history consisting of high stress excursions occurring early in life and followed 
by relatively low nominal stress. There is increasing consensus that material degradation due to hydrogen (e.g. 
introduced as a consequence of lubricant decomposition) is a major potential contributor in many cases.  

The prediction of premature RCF failure from both a physics- and a data-based perspective: 

Physics-based perspective (UGent lead): fatigue crack initiation and propagation are modelled on the basis of 

damage, fracture mechanics principles and input of the microstructure. The initiation of “butterfly wing 

cracks” is assumed to take place at non-metallic inclusions, which act as common sites of RCF crack initiation. 

The debonding occurring at the interfaces between inclusions and the steel matrix is observed to accelerate 

the crack initiation. The model is fed with detailed microstructural investigations of (damaged) bearing steels, 

which also serve to build a hypothesis to the cause(s) of / responsible mechanism for WEC formation.  

Data-based perspective (VUB lead): monitoring campaigns of onshore (in collaboration with NREL – USA) and 

Belgian offshore wind serve to characterize the load and environmental conditions HSS bearings are subjected 

to. The gathered data are postprocessed and analyzed with the aim to develop bearing failure prognostics. A 

parallel bearing monitoring campaign was set up to evaluate the electronics developed within MaSiWEC. CMS 

methods were developed to deal with continuous load changes. These were validated on several industrial 

use cases.  

This project will target a broader range of subsurface fatigue failure cases originating from non-metallic 

inclusions. Such failures are reported for a wide range of applications / components such as “bearings, 

(crank)shafts, gears, springs and others made of materials showing a high fatigue limit”1.  

An objective of the project is to reveal the underlying responsible mechanism for damage or failure from a 

microstructural point of view. Due to the increasing consensus that hydrogen is a major potential contributor 

to material degradation, determining the triggers for crack initiation, an experimental methodology needs to 

be developed taking into account combined impact of hydrogen and variable amplitude loading. This 

knowledge is currently lacking and will allow developing strategies for improved structural lifetime.  

  

                                                           
1 Zerbst et al., Engineering Failure Analysis 98 (2019), 228-239. 



A thorough experimental validation of fatigue lifetime predictions is essential. In MaSiWEC, the developed 

methods were partially evaluated based on fragmented experimental data and published data. But there is a 

need to validate the framework that integrates the physics- and data-based analyses using fully documented 

(in terms of material, load history, environment and fatigue lifetime) industrial cases and/or purposely 

designed laboratory tests. The outcome of the experimental validation study will indicate a need to train the 

developed (physics based, data based and combined) methods in order to improve their predictive ability. 

CMS methods and low-cost electronics, developed in MaSiWEC, for dealing with variable loading and condition 

monitoring signals such as strains and vibrations will be leveraged for automated long-term monitoring cases. 

An extension of the currently developed semantic reasoning approach is essential. The use of this method is 

two-folded. First, it is used to generate realistic loading scenarios for the physics-based model based on fleet-

data (e.g. SCADA, strain gauges). Second, it can be used for diagnostic purposes by reasoning on identified 

health alarms and linking these to the other monitored (loading) and characterized drivers (material and 

environmental properties such as lubricants, hydrogen).  

To improve (bearing) life predictions, the treatment of variable amplitude fatigue stress histories in RCF 

leading to nonlinear damage accumulation should be addressed and improved. Various nonlinear damage 

accumulation models are available, but none has found wide acceptance. The Palmgren-Miner linear damage 

accumulation rule is generally used but cannot accurately assess such cases; it therefore necessitates the 

development of (load history and application dependent) safety factors. A simplified implementation of the 

developed methods should facilitate their practical ability. For example, the physics based fatigue lifetime 

framework currently relies on extensive parametric studies involving finite element analysis and statistics of 

(extreme values) of inclusion size, which are input to Monte Carlo analyses to calculate probability of failure. 

There is scope for simplification by developing surrogate models based on machine learning, which allow to 

distinguish primary from secondary influencing factors (the latter of which can subsequently be neglected in 

a simplified method). 
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