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Application of X-ray Residual Stress Measuring
Technique to Curved Surface
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This paper elucidates the origin of geometric effects in X-ray stress measurement of a
curved surface. It presents a stress measuring technique for curved surfaces to cope with
cases in which y-rotation is restricted because of complicated shape. The chief focus is placed
on a cylindrical surface. Characteristics in the fundamental data of X-ray stress measurement
are shown (diffraction profiles, diagrams, and measured stress values). A criterion of X-ray
irradiation size is proposed to disregard the influence of the curved surface. Irradiation size-
changing technique and multiple-point measuring technique are proposed for measuring a
cylindrical surface at confined portions of mechanical components. The former measures the
circumferential stress without tilting X-ray beams in the circumferential direction by
changing the size of irradiation area in that direction. The latter gives the circumferential
distributions of the circumferential stress and the axial one without tilting X-ray beams in
the circumferential direction by conducting multiple-point measurement of the axial stress
at the inclined area on the cylindrical surface.
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Schematic illustration of geometric effects in the

X-ray stress measurement for circumferential

stress on a cylindrical surface

X, ThoDHEIFER L THEERCEEE5 X
5.

(1) DEHR

H1RT LI, HAEMRETIERANDH S
BEABOKTFEERE, HENORMLBICL-TR
AbNERL, Ihi, REEERICHT2EEE
ERFMERAOMEBTRLS (y—oy)Z LizkD,
HEEOERAMIERTAIENOKRESHPRL->T
BT LI, AEHRLIE, COZLIZEoTE
LaMIE— 2 AOEENTH 5. BEESIRITFHEAR
THoTHRBD I AL v b (REKXHEIAREMEAH S
BERLTVWBIE)ICEL DRI DEDH, HEOHIE
WKBWTIE IRy PR TORIBEICEL 5.
(2) AitERHE

BHEHE LI, BlicBne, REPEAIET=F
A= —ORERLEELKFRPLTRATVEI L
(BYHEIBIC B A2 BIEER) Lo TELZAMTE
DEIFE—2 27 b THAH. EHEHROBEHR LR
B, FHRABICBVWTH IRy MIXWELHES
A, EORHEIIBWTEATRICELS. WEEA
MHAREEL D DBEVHE (K1 0KE), EERHRIC
I HEAIERL Y BAS(RESRS, HIZE
BEIE, BRARERLIDOIRE(HIEERS.
(3) FHY—EMIRZFR
EEEAIRICBVWCHBE LA L 5112, REBEmOER
AT 2 XBASFABMEAT—ETLRVD,
XBBARSZHENTRY—IC%5. T4bb, @
MICHFSTH2HEMEFBAATAY -2 Eh
5, ICHHEEENDESEIMEOSMEBICL > T
Bhabnris, -



KRERRE LERBRRR AT H#E  No. 18, 2004

3. XRHHARBICHS D ZHEOLE

HEC XD HELERA L HEdomF o7
74V, 20-sin?y BEPB & CHIERHEOERICD
WTRRS, WERBRIZEICHERKE T 5.

M BERF7O771)

B2, AEmRE (GRIRIEHEL2Z LABES L
FeRFLEMAE, EES5mm) LT, HADR
SrEEREL, ARAARIENB L UEAmED %3
HECTHE L/ EoEif7u 7 7 A VERYT. BEt
gL, RBO—BEZTRITEIZLICLhED,
ARF @O~ (RS 20) % 1~3mm D TE{L
S/

B2icihid, WTFhoIRhESIZ2w T b a4
77 7 AMICELVIERHEREDOA LW, £
72, YAEALICED L) ERESEIREEE{LLRSN
v, FEEICEALTY, BiTEoMmcedid
—EDEALMEITED S v,

COEH)IHETH METH-CTH, BHTO77
ANMTHIEHAEIC B E AT L) 2R EEDS
hzwv, ZofEm, RERHEOHELRAKTH
5.

R+ w=15deg

L 24=1mm

Y= Odeg

[ 2{'=2mm
y="0deg

580 (arbitrary units)

W=45deg

2{=3mm y=15deg

[ y=0deg

y=30deg
Y= 45deg

152 |§4 136 | 58 160
B4 (deg)

(a) Circumferential stress

59

(2) 26-sin2yBEX

3iC, I2m@EiFTa 7 74 b bR B
SFEELICHED 20-sin2y RN RT.

MAAAmES (K3a) (2B L Tix, BHER GZE
E20PKREL B L LD ICARERODEILRI L
TWwa., F/, 20 DMEIKEVE 121320 3¢ sinZy
BROZMH ISR RIERBEI R S h B 45, 2¢ Dt
INEVEZITIERBHBRF 2 REELRL T3,

—7%, @AFEE (K3b) CBL T, BitTa:
HPEEL TDH 26-sin2y BFRODEIZDH T h (LT,
FITBRBO L) 2EEPEL TS, T, 203
siny BFROBIEITR V.

BRIARME 233§ 5 BT & 260-sin2y RO
iz, AEREEOZN L IETREZ 2720 DEL3
P, BBURRKOERIR NS,

(3) ARAH{E

REED W FLFICHTESHEROKE £ +45
WA hnE &, MIERHEREEORE L ZIT,
EETAEHERRLELDLEL S,

H4iz, AZBREEICOWVWTIT- -HBFEE
HNBLUEHREHHENY 32— arh6Bs
hi-BaHE e g hEe OBMfRERT. MR

Rtk
2{=1mm

= 15deg

[ y=0deg

W= 45deg

[ 2¢=2mm = 15deg

FREE (arbitrary units)

w=45deg

2{=3mm w= 15deg

w=45deg

152 1 54 156 1 ;8 160
Bl (deg)

(b) Axial stress

H2 ¢5ABKETHAOKREZIOBHEBRLIBRELALLEOEH IO 774
Diffraction profiles measured for various sizes of irradiation areas on ¢5 bar surface
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(b) Axial stress
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(a) Irradiation size-changing technique
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(b) Multiple-point measuring technique
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Schematic illustrations of the X-ray stress measurement for a concave cylindrical surface
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