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Estimation of brittleness of CCH-steel via measurement of micro-VH 
and simultaneous FWHM distribution 

(full width at half maximum 

of the Debye ring)

Fig.1   Tooth flank damage experienced 



Fig.3   Outlook of the tooth flank, 3Dform of a local part and the effective form deviation 

Fig.2   Distance information for each 
pixel of OptScope sensor 



Fig.4   Collision of foreign object against ridge of polygon form deviation 

Fig.5  Peeling-off of tooth flank due to development 
of micro-crack induced by foreign object crash 



Fig. 8   Drag mark and indentation on tooth flank caused by crash of foreign object 

Fig. 7   Brittle crack initiation around the position of crash and drag of foreign object 

Fig. 6    Brittle cracks induced by crash of foreign object 



Fig. 9   Cross-section of an indentation caused by crash of foreign object and subsurface brittle cracks 

Fig.10   Cross-section of crash and dragged place of foreign object.   Subsurface brittle cracks exist. 

Fig.11   Heterogeneous steel texture and big crystal size of prier-austenite 



Fig.13   Path of HV measurement and a typical result of hardness distribution 

Fig.12   Measuring paths



Fig.15   Residual comp./tensile stress of OK and damaged tooth flank 

Fig.14   Shape of Debye ring and the run of residual stress 
Very near the surface, the X-ray irradiating spot is eclipsed by the edge of the specimen and the reliability of the 
measurement drops.  The measuring reliability in the range of larger distance over 0.8mm is considered OK. 



Fig.16   Residual shear-stress of OK and damaged tooth flank 

Fig.17   State of FWHM of OK and damaged tooth flank and their jump at adjacent measuring point 





Fig. 20   Existence of tensile stress in CCH case and 
a brittle microcracks  

Fig.19   Contribution of ferrite matrix and hard particles like cementite 
on X-ray diffraction and Vickers’ hardness 



Fig.21   Scheme of the cause and development of the peeing-off tooth flank of the Fig.1 incident 



Fig.22  Dependence of residual stress on the X-ray irradiating direction 
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