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Improvement of Accuracy in X-ray Stress

Measurement for Thin Wire Rods
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In the case of applying the X-ray stress measuring technique to a curved surface, a large area of X-ray

irradiation causes some errors because the surface is not flat. In this paper, the relation between the errors of

measured residual stress and sizes of X-ray irradiated areas was investigated experimentally and analytically to

evaluate the true stress in the surface layer of a thin wire rod. In the experiment masking tapes on the thin wire

rod were used to vary the size of the irradiated area and the residual stresses of the region were measured using

the sin®y method. In the analysis Bragg’s X-ray diffraction in the irradiated regions on the thin wire rod was

simulated and residual stresses were calculated according to the sin®y method.

These results show that (1)the magnitude of measured circumferential residual stress ¢ is smaller than true

stress o, (2)the ratio between two stresses o/ o, and the difference in those stresses & are represented by the
following approximate relations o/ 6,=Mcos{1.92({/p)}, &= o[M"sec{1.92({/p)}-1], where M= 1.81(t/p)+1,
the X-ray irradiated area 2 &, the diameter of the wire rod 2 p, and the thickness of the masking tape t, and (3)

the magnitude of the measured axial residual stress is hardly affected by the X-ray irradiated area or by the

diameter of the wire rod.
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Conditions for X-ray stress measurements.

Characteristic X-ray CiK,, (Filter: V foil)
Diffraction aFe2ll

Tube voltage, current 30kV,20mA

Detector PSPC

Measun'ng method Iso Inclination , Fixed Y,
Peak determination Half Value Breadth
Correction Lorentz, Polarity

Linear absorption coefficient|[950.5 cm ™!

Y angle 0, 15, 25, 30, 35, 40, 45 deg.
Stress constant -297 MPa/deg.
Collimator ¢4 mm

Intensity , arbitrary units

W
A\

S

o/

= /

-

—~
D

>

b

Intensity , arbitrary units

2 fix ORABTIROXE Ji2kit 3 AL ESHHR)
TERFOEHHEHR (BRER ¢5)

Diffraction profiles measured from various irradiated areas

on ¢5 bar surface for circumferential residual stress.



116

Zh b oEITEREE A HE 5T 20-sin"y B TH
5. ERESOBE XY, XRERER 2R RE D
iZE bl TNEL B L BIZ, ZORESHITRR
FlzmodREEEETAERARLNS. LiL,
AUDINENE FOESMETIERICRV. E, K4
REFMOBPHBER AT, KL LRERRIOKR
X XJT 10~20un BREETH D L Bbih s, ZhbOfER
b, XBMBAESPICHEWT, 2lShaR, £46
MR CHAHE SR IE L A ETFEL RV EEZ DND.

[ 52 §5mm, ¢6mm, ¢Smm OFFFFEE 1T A MES
s L O A RS & X BRERITEIER 2 COBMR AR
+. e, ROKHENIEREATRLTWS. MEK
EFEIS IS, X s A K& <375 LW Thof
OHA LIRS T L, £ OB BT MED b
DIFERENI &b, AEFREEGT X SRR
R EMBICKTFT A B BN, —F, AR
BISAIT X SAEAERORE SRHEEICEFERLS, 3
EAETE LTV

156.5

156.4

156.3

156.2

156.1

*? ..... 2¢ =1mm
0

Diffraction angle 2 0 , degree

N
bg
|
1
¥
Y
[
(=)
El
3

156.0

1559

0.1 02 03 0.4 0.5
sin’
3 flix ORHTEEOKRE XiZB T 5HEK RIS
HIERED 20-sin‘yw#RE (B ¢5)
20-sin®y diagrams of circumferential residual stress
obtained from various irradiated areas on ¢3 bar surface.

4 RERAOFEHSETE
Surface appearance of the specimen.

3. @&

(1) FRtTs
X6, X7z, ERRICHIST 2 MERRB L OWSH
RIS ARERO X RBFRR A EENIOR T, B
T L9, AENMICZe,, #HFMIZe, DIGHAER
THELT, (Ll (r, o) ORyIMER dV 225 O X #REHT
BEZAD.
ZIIT, X BEAERSAIZRBWT, HESEE G,
EMEGEC, RIS e, (FEF I E R E R
TeREFEICEE Lo e L, &b, M

400

300

Compressive residual stress , MPa

200 ¢
Circumferential  Axial stress
stress
00 —m— & S5mm mee[J=== @ Smm
10T —e— 66mm  ---O--- & G6mm
—a— 0 8mm  ---A--- ¢ 8mm
0 L L 1
0 1 2 3

Irradiated area 2 £ , mm

5 MR O E & RIS NEHBORE
Relations between measured residual stresses and sizes of

irradiated area.

Incident X-ray y Diffracted X-ray

6 MJAFMISRIERO X #REHT OB

Schematic illustration for circumferential stress analysis.
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Schematic illustration for axial stress analysis.
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Conditions for stress analysis.
Stress factor ¢ , /K, 0 /K|+] deg.
Diffraction angle 26, 155.94 deg.
Linear absorption coeff. 4 [950.5 cm™
¥ angle 0, 15, 25, 30, 35, 40, 45 deg.
Gaussian parameter U 0.7 deg?
Angle range of PSPC q 20 deg.
PSPC active length h 100 mm

Intensity, arbitrary units
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various irradiated areas on ¢5 bar surface.
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under the conditions shown in Table 2.
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Widened conditions of the stress analysis.

Diffraction plane, |Diffraction angle| Linear absorption
Characteristic Xray | 20, degree |coefficient 1, cm™
aFe2ll,CiK, 155.94 950.5
yFe311,CrKy 149.6 682.9
Cu 420, CuK , 144.7 460.3
Al 420, CoK 162.1 209.4
Stress factor ¢ , /K -3,-2, -1, +1, 42, +3 deg.
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Variation in the 6/0,-{/p curves fitting in Mcos{p({/p)}

for different diffraction conditions and stress factors 6,/K

shown in Table 3.
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