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Introduction 
 
In high strength steels, a fatigue phenomenon in the very high 
cycle region, where the number of load cycles exceed 107 

cycles, is becoming a growing problem. This phenomenon is 
called very high cycle fatigue (VHCF). In VHCF, fracture 
originates from non-metallic inclusions inside the material 
(internal fracture), rather than from the surface. Internal 
fracture is known to occur at stress levels even below the 
fatigue limit of surface fracture. However, due to the 
difficulty in directly observing the internal fracture process, 
its mechanism is largely unknown. Now, the environment 
around internal cracks is thought to be like that of vacuum 
environment, because of the lack of oxidation or gas 
adsorption. This suggests that the controlling factors for 
internal fracture may be clarified by examining the effect of 
vacuum environment on the fatigue properties of surface 
cracks. Furthermore, this study has tried to explore the 
internal fatigue crack behavior originating from non-metallic 
inclusions. For this purpose, we tried two different 
approaches.  
 
Fatigue life estimation of internal crack using 
crack growth rate in a vacuum environment 
 
In the first approach, an internal fatigue life estimation using 
the crack propagation rates of JIS SNCM439 high strength 
steel measured in vacuum environment was conducted. The 
estimation came to be close for higher stress amplitudes 
whereas for lower stress amplitudes a deviation was observed 
in the actual and estimated fatigue lives. The deviation in the 
fatigue lives occurred is likely due to the unaccounted crack 
initiation life in the estimation process and difference in crack 
propagation rates between the actual internal cracks and 
surface cracks in vacuum.  

Observation of small fatigue crack using 
synchrotron µCT 
 
The second approach in this study involved the direct 
observation of high strength steel using µCT imaging at 
SPring-8. For this purpose, problems associated with the 
observation of the high strength steel were solved by selecting 
two new materials (JIS SUS630 and JIS SCM440) and 
modifying the specimen shape. Statistics of extreme value 
analysis was also conducted to ensure that the new small 
specimens can contain inclusions with size greater than 
critical inclusion size. Then, fatigue tests were conducted 
using the two materials and fractography analysis was 
conducted to decide the test conditions for µCT imaging.  
     Finally, µCT imaging of one of the materials JIS SUS630 
was conducted to check the internal crack properties. 
However, crack started from a surface inclusion instead of an 
internal inclusion in the specimen. Fig. 1 shows an example 
of the crack images taken via synchrotron radiation µCT at 
SPring-8 in Japan. Despite the crack observed was a surface 
crack instead of internal, several aspects of fatigue crack 
originating from non-metallic inclusions were revealed in the 
µCT observation. Such as crack initiation from inclusion has 
decent contribution to the total fatigue life in case of surface 
fractures. Also, it was observed that along with size of the 
inclusion, location of the inclusion also influences the total 
fatigue life. As the µCT imaging of high strength steel is now 
possible, more observations at SPring-8 can be conducted in 
future to reveal the internal fatigue crack properties of high 
strength steel. 
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Fig.1. Specifications: 
§ Fig.1 (a)- Top view of the crack  

(plane perpendicular to loading axis) 
§ Fig.1 (b)- Zoomed view of the crack in Fig.1(a).  
§ Fig.1 (c)-Side view of the same crack  

(plane parallel to loading axis).  
 
Images taken at SPring-8 BL20XU 1st experimental hutch.  
σa=650MPa, R = -1, N = 2х106 cycles. 
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