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Nitrided microstructures with high hardness and high compressive residual stresses perform well in surface 

initiated Rolling Contact Fatigue (s-RCF) in naval and aerospace bearing and gear applications. Work was 

carried in the framework of the NITRU project of IRT-M2P to develop both experimental and modelling tools 

to better understand s-RCF of nitriding microstructures: a twin-disc test with an indented counter-disc used for 

different stress and nitriding configurations tested; a specific EF-model specific for s-RCF and nitrided 

microstructures. This enabled a better understanding of this complex topic. 
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1. Introduction 

On the aerospace and naval market, performance 

improvement and increased reliability are some of the 

drivers for gear and bearing materials research and 

development.  

The surface initiated Rolling Contact Fatigue (s-RCF) is 

a failure mode of prime importance for aerospace and 

naval gears and bearings. The intrinsic high hardness 

and compressive stresses of nitrided microstructures 

compared to carburized steels lead to a very good 

performance in service. To improve yet performance, a 

better understanding of the influence of the key 

properties and the microstructural mechanisms leading 

to failure as a well as a representative component test are 

required. This was partly dealt with in the NITRU 

project of IRT M2P. 

2. Experimental work 

It was decided to use a twin-disc test: the counter-disc is 

indented to apply on the tested smooth disc repeatable 

stress conditions representative of s-RCF. Different test 

conditions were carried out with different surface stresses 

resulting from variable dent geometries on the counter-

disc. 

32CrMoV13 nitrided discs with different surface 

hardness were tested. 

 
Figure 1: Pressure and stresses applied in the twin-disc test 

and resulting damage example on a raceway 

Tests were carried out up to a given testing time. The 

damage observed on the tested discs was qualified. The 

results showed that the test is sensitive to the material 

properties and the level of applied stress. 

3. Modelling work 

The EF-model from Noyel [2] was improved and 

optimized to better take into account the specificities of 

s-RCF. For example, the load history was modelled by a 

2D pressure field moving on the contact surface, a Dang-

Van analysis with the hypersphere algorithm was 

implemented. The model was well correlated with the 

observed damage. 

 
Figure 2: Dang-Van criterion for the twin-disc test and cross-

section of a damaged disc 

Work was also carried out to better take into account the 

specificities of nitrided microstructures leading to 

promising results: the property gradient, the presence of 

intergranular precipitates. 

4. Conclusion and Acknowledgements 

The work combining experimental and modelling work 

carried out in the framework of NITRU-project of IRT-

M2P enabled to develop tools to better understand the s-

RCF performance of nitrided microstructures and the 

influence of metallurgical properties on performance. 
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