
7th World Tribology Congress, WTC 2021 
   September 5-10, 2021, Lyon, France 

 

Fretting fatigue of shrink fitted assembly under rotating bending loading: an 
experimental and numerical study to compare Crossland fatigue stress analysis 

and Ruiz contact stress approach. 
Benjamin Dieu1)2)*, Siegfried Fouvry2), Florent Bridier3) and Christian Ménard3) 

 
1)Laboratory of Tribology and Systems Dynamics (LTDS), École Centrale de Lyon, France. 

2)Laboratory of Solid Mechanics (LMS), École Polytechnique, France. 
3)Naval Group, France. 

*Corresponding author: Benjamin.dieu@ec-lyon.fr 
 

In this study, rotating bending tests are performed and simulated with 3D Finite Element Analysis (FEA). Two 
different well known approaches (Crossland fatigue stress analysis and Ruiz contact stress approach) have been 
compared, showing inaccurate results on term of damage localization and prediction of life span on the tested 
conditions. The combination of these criteria with non-local methods, consolidated with a parametric study 
(numerical and experimental) on both interference size and outer sleeve geometry, showed improved results. 
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1. Introduction 

Shrink-fitted assemblies are commonly used in industrial 
applications to join sleeves and shafts or axles, where 
they are submitted to a complex multiaxial loading 
including bending, compression and torsion. In this 
configuration of large conform contact, fretting fatigue 
damage between the two parts may occur and lead to 
cracking. The aim of this research is to determine the best 
method among Crossland fatigue stress analysis and Ruiz 
contact stress approach to predict such damage through 
the influence of the interference size and the sleeve edges 
filet geometry conducting both experiments on samples 
and a 3D FEA. 

2. Methods 

Considering the complexity of the typical industrial case 
conditions, a simplified loading case is being investigated 
on a steel shaft and a shrink-fitted bronze sleeve, 
displaying three different outer sleeve geometries. 
2.1 Experiments 

Rotating bending tests are conducted on a dedicated 
bench to assess the type of damage along with the 
lifespan of the shaft specimen. Experiments are carried 
out until partial failure, characterized by a stiffness drop 
during the test. The specimen is then studied using 
interference profilometry, Energy Dispersive X-ray 
spectroscopy (EDX) and fractography techniques. 
2.2 Simulation and post-processing 

Tests are modelled using a full scale 3D FEA. Both fitting 
and bending are taken into account, as well as friction at 
the interface, granting access to contact data including 
slip and surface shear. Both Crossland [1] (extensively 
applied criterion for multiaxial fatigue damage analysis) 
and surface stress Ruiz approach [2] (dedicated for 
tribological damage analysis) are investigated.  
These two approaches are first calibrated using a 
restricted number of rotating bending tests. Then they are 
compared to another set of loading conditions to evaluate 
their capacity to predict the fretting fatigue damages.  

 
Figure 1: a) rotational bending sample; b) deformed 

shape of the sample and Von Mises equivalent stress 

distribution; c) detail of the sleeve edge with its fillet. 

3. Results and Discussion 

The two criteria fail to predict the crack nucleation 
locations. In addition, the Crossland analysis, which 
consists in comparing an equivalent fatigue stress versus 
the alternated shear fatigue limit, tends to underestimate 
the cracking risk. For this reason, non-local methods [3] 
(critical volume and length) are applied to better predict 
nucleation, showing improved results. 
A parametric study is eventually conducted using 
modified numerical models and new tests, addressing the 
interference size and the geometry of the sleeve edges 
filets effects. 
This study constitutes a first step towards a quantitative 
and reliable design method for shrink-fitted assemblies 
under highly mutliaxial loadings. 
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