




from the X-ray tube side.  When the X-ray strains 
whose circumferential angles are α, －α, π+α, 
and π－α are defined to be εα, ε－α, επ+α, and επ－α, 
respectively, the parameter a1 is defined from these 
strains and is expressed by the following equation.

 　　　　　　　　　　　　　　　  ……………… (1)

Assuming a plane stress state and angle 





addition, the high-segregation specimen shows a 
large value at the N5 position and a small value 
at the N6 position, and this tendency is found to 
be the same regardless of the applied stress of the 
specimen.  This suggests that some conditional 
difference in the segregated part influences the X-ray 
stress measurement.
	 One of the factors that greatly influences the 
X-ray stress measurement peculiar to the part with 
segregation is the bias of carbon concentration in 
the segregated part.  If the carbon concentration 
differs for each X-ray irradiation site, the appearance 
rate of the second phase such as cementite will be 



shows a good agreement between the measured 
value and the nominal stress for both the high-





4.	 Development of automatic X-ray stress 		
	 measurement system

	 On the basis of the results of the above studies, 
attention must be paid to the following points for the 
application of the X-ray stress measurement based 
on the cosα method to the fillets of crankshafts for 
medium-speed diesel engines.
1) In order to minimize the influence of macro 

segregation peculiar to large, forged steel 
products, measurement must be done with 
multiple points, or with multiple X-ray incident 
angles and the results must be averaged or with 
oscillation method.

2) The X-ray incident angle must be set as high as 
possible (10° or higher), while the incident angle 
setting error must be kept to the minimum.

	 There is a limit to the X-ray irradiation distance 
that can be used for the measurement depending on 
the measurement position.  Therefore, it is necessary 
to find a measurement condition for setting the 
X-ray incident angle as high as possible within the 
constraint range of not hitting the measurement 
target.  However, since the fillets have concave 
surfaces, the X-ray incident angle and irradiation 
distance are, respectively, angles and distances 
relative to the fillet measurement position.  Although 
it is possible to obtain these values by theoretical 
calculation and determine the optimum setting 
conditions for the apparatus,



where the cold-rolling condition is considered to be 
homogeneous, or by using an oscillation method.  
In manual measurement,


