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Automatic X-ray Stress Measurement System for Cold-rolled Fillet of
Solid-type Crankshafts
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Abstract

In recent years, attention has been paid to global environmental problems, and even higher fatigue strength
is required for crankshafts used in medium-speed diesel engines for onshore power generation. Surface
treatment technology is drawing attention as one of the means to achieve this. In any of the surface treatment
technologies, however, a tensile residual stress, which causes a decrease in fatigue strength, occurs at the
boundary between the surface treated portion and the untreated portion, and it is necessary to understand
the residual stress distribution around the surface treated portion. This paper describes the evaluation of the
macro-segregation peculiar to large forged steel, and the influence of the X-ray incident angle and incident-
angle setting error generated during fillet measurement on the accuracy of X-ray stress measurement by the
cos @ method. Improvement measures are also described. In addition, the effectiveness of a system that can
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automatically measure the residual stress in the cold rolled fillet has been demonstrated.
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Table 1 Range of chemical composition ratios

(mass %)
C Si Mn Ni Cr Mo
Max. 0.45 0.40 1.20 0.50 2.50 0.35
Min. 0.36 0.15 0.80 0.30 1.50 0.15
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Fig.2 Tensile test to confirm accuracy of X-ray stress measurement
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Table 2 Mechanical properties of specimens

Tensile strength | Proof stress
(MPa) (MPa)
1st. specimen with much segregation 945 813
2nd. specimen with much segregation 987 828
1st. specimen with less segregation 1,035 899
2nd. specimen with less segregation 966 818
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Fig.3 Microstructures on center of specimen with much segregation
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Fig.4 Microstructures on center of specimen with less segregation
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Fig.5 Appearance of electropolishing area and X-ray measurement
positions and their numbers
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Table 3 X-ray measurement conditions

Characteristic X-ray Cr-K,
Diffraction plane aFe (211)
Tube voltage 30 kV

Tube current 1 mA
Irradiated area 3 mm?

Fixed time 30s

yy, tilt angle 35°
Diffraction angle in stress free | 156.4°

Filter Vanadium foil
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Fig.6 Results of X-ray measurement at each position of first
specimen
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Fig.7 Element concentration at each position of second specimen
with much segregation

60

40

)
=)
‘0

=]
*
*

-40

nominal stress (MPa)
*

-60

Difference between X-ray stress and

-80

0.8 0.9 1.0 1.1 1.2
Carbon concentration (mass%)

8 fmWITDZ 2 AKHDRE IZBIT 2 RFEREITH T 2 Xt
VYRR NI

Fig.8 Relationship between carbon concentration and difference
between X-ray stress and nominal stress in second specimen
with much segregation
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Fig.11 Influence of X-ray incident angle on accuracy of X-ray stress
measurement
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