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Abstract 

During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 

To clarify the effects of artificial defects and sulphide inclusions on rolling contact fatigue (RCF) in high strength steel, crack 
initiation and propagation behaviours from defects were evaluated by using synchrotron radiation computed laminography. 
Artificial defects and sulphide inclusions lead to RCF damage “flaking” through the same damage process, but considerably 
different crack initiation lives. Finite element analyses (FEA) for RCF simulated the different stress states between two kinds of 
defect. The FEA results suggest the reason for the different crack initiation lives in the RCF test. 
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1. Introduction 

In the rolling contact fatigue (RCF) test for bearing use under pure rolling contact and oil lubrication, it is 
believed that flaking failure results from crack initiation and propagation originating from non-metallic inclusions 
located in the internal region. Many researchers have studied the RCF damage originating from sphere-shaped 
inclusions, i.e., oxide inclusion and clarified its damage mechanism (Chen et al., 1991; Lewis et al., 2012; Unigame 
et al., 2007). In contrast, RCF damage originating from stringer-type inclusion has recently been reported (Nagao et 
al., 2005; Neishi et al., 2013). However, the damage mechanism has not been clarified. 

To understand such RCF damage process in the internal region of the material, direct observation by non-
destructive method is very helpful. Micro CT imaging using synchrotron X-ray is promising for the observation 
method. Its application to various objects, e.g., internal cracks by torsion fatigue (Shiozawa et al., 2014), internal 
fatigue cracks in aluminium alloy (Zhang et al., 2009), and internal inclusions (Stiénon et al., 2009) have already 
been reported. 

The objective of this paper is to clarify the effect of artificial defects and sulphide inclusions on the rolling 
contact fatigue (RCF) property in high strength steel. Crack initiation and propagation behaviours from defects under 
rolling contact were evaluated by using synchrotron radiation computed laminography (SRCL) in SPring-8 (Super 
Photon Ring 8 GeV). Artificial defects and sulphide inclusions lead to RCF damage “flaking” through the same 
damage process, but considerably different crack initiation lives. Finite element analyses (FEA) for RCF simulated 
the different stress states between two kinds of defect. The FEA results suggest the reason for the different crack 
initiation lives in the RCF test. 

 

2. Observation of RCF damage by synchrotron radiation computed laminography (SRCL) 

We have evaluated RCF damage originating from artificial defects by using micro CT imaging (Nakai et al., 
2012; Makino et al., 2014). However, the method requires the X-rays to penetrate the whole cross section of the 
specimen. The cross section of the specimen is restricted to a 0.5mm square shape. The shape of the specimen is too 
thin to conduct the RCF test. To solve the above problem, synchrotron radiation computed laminography (SRCL) 
(Moffat et al., 2010) was applied to direct observation of the RCF damage process. 

2.1. RCF test for a material with excessively introduced inclusions 

A material of high carbon-chromium bearing steels with high sulphur concentration was employed in RCF tests. 
Excessive sulphide inclusions were introduced in the material. The chemical compositions of the material were 
1.01C, 0.33Si, 0.45Mn, 0.003P, 0.049S, 1.50Cr in mass%. Since the sulphur content was 0.049 %, the material is 
referred to as “S49” in this paper. The specimens were plate-shaped with W10 mm × L24 mm × t1.0 mm 
dimensions. They were cut from the material so that sulphide inclusions were orientated perpendicular to the rolling 
surface. 

We developed a relatively small RCF testing machine that enables SRCL for plate specimens, and used it in this 
paper. A specimen is set on a linear guide. The linear guide is connected to an eccentric cam, and the rotating 
motion of the eccentric cam is converted to the reciprocating motion of the linear guide. Ceramic balls of 6.0mm in 
diameter (SiC, Young’s modulus: 300 GPa) were used in the RCF test in this paper. The reciprocating distance was 
3.0 mm. The vertical force was set so that the Hertzian stress pmax became 5.39 GPa. Then the half width (radius) of 
contact area a was 0.190 mm. We refer to the above test method as “reciprocating-type RCF test” in this paper. 

2.2. Observation method of RCF damage by SRCL 

Ultrabright synchrotron radiation is needed for observation of the above specimen with 1.0 mm thickness. 
BL46XU beamline of SPring-8 was employed, because the beamline was equipped with an undulator generating X-
ray beam with high brightness. In SRCL, a plate specimen is penetrated at its central part by an X-ray beam with 
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