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X-Ray Residual Stress Measurement on Cylindrical Surfaces
—Estimation of Circumferential Stress by Irradiation
Size-Changing Technique—
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A new method was developed to estimate circumferential stress on a cylindrical
surface without tilting X-ray beams in the circumferential direction. In this method, the
X-ray path is restricted in the plane including the vertical axis and the central axis of the
cylinder. Circumferential stress is estimated by measuring a shift of the diffraction angle at
v=0° caused by change in the circumferential size of the X-ray irradiation area. The
relation between circumferential stress o¢ and the diffraction angle at w=0°"(26,-¢) is given
as oc/K~gd(26)/3(sin2wy)|y=¢. (0<sin2w;<0.75), where K is a stress constant, g is a
geometric factor, and w; is an effective angle representing the irradiation size. For
normalized penetration depth J.¢/p<0.01, g=3.35; where J.¢ is the X-ray effective
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penetration depth and p is the radius of curvature.
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Conditions for analysis
Diameter of round bar 2p 5 mm
Diffraction, characteristic X-rays | aFe2ll, Crka
Diffraction angle 26, 156.0°
Linear absorption coefficient i 95.05 mm~'

-3,~-2, -1,

Stress factor oc, /K +1, 42, +3°
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Conditions for X-ray stress measurement
CrKa (Filter: V foil)

Characteristic X-rays

Diffraction aFe2ll
Tube voltage, current 30kV, 20 mA
Detector One-dimensional PSPC

Angular range of PSPC | 20°

Active length of PSPC

100 mm

Peak determination

Half-value breadth

Lorentz, Polarity

Correction Absorption g =95.05 mm™'
Stress constant | —318 MPa/deg
Collimator 4 mm in diameter

(for conventional method)

Scanning method

Iso-inclination , fixed ¥,

y angle

0, 15, 25, 30, 35, 40, 45°

Irradiation size

1.0 mm

(for irradiation size-changing technique)

v angle

OO

Irradiation size

1.0, 1.5, 2.0, 2.5, 3.0, 3.5 mm
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(b) Irradiation size-changing technique
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HIERER - (a) fERIEIZL B 20 3 sin2w B3R &
BABIHE Oy AEFME, (b) BHTEAEENL
A & 520, 1 sin?wy R

Results of the residual stress measurement for
the round bar of spheroidized carbon tool steel
(5mm in diameter): (a) 28 versus sin?y relation
and the variation in the maximal diffraction
intensity I, with respect to the y angle obtained
by the conventional method, (b) 26, -¢- versus
sin?w; relation obtained by the irradiation size-
changing technique
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Widened conditions for numerical analysis

Diffraction Diffraction angle | Linear absorption
Characteristic X-rays 26, ° coeff. y mm™!
aFe211 , CrKa 154.72 95.05
YFe3ll, Crkp 149.6 68.29
aFe220 , FeKa 144.5 52.28
Cu420 , CuKa 144.7 46.03
Al420 , CoKor 162.1 20.94

Convex, concave
0.025, 0.05, 0.1, 0.25,

Surface configuration
Radius of curvature

p mm 0.6,1,2.5,10
Thicknress of concave X-ray effective
cylinder 7 mm 5 penetration depth
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Normalized penetration depth d,/p
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Relation between the normalized penetration

depth (J.¢;/p) and the g number/the coefficient

of determination R? in the regression analysis for
the g number (d.: X-ray effective penetration
depth)
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