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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 o is smaller than true
stress 6, (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.

F—T—F: XBBHREE, 86, A, Bom, BRV/EH, sin‘yik

1. [ZLoIZ

BREISNE, AHBERAL TR LT
WERER b ICNEBICFEET AIE/TH Y, BULE,
BWINT, WALV - T TR%E L TR
3. BREEAE, MEOEFTEEOENEREIN
CREREBYRITTZLBMONTEY, HENE
MIIZBNOTE, SMIHOTEREZBLIEIE
EicbR B3, "2LdoT, BEOHEM EEK
3LT, BESHZEICHMEL, FETZZ LI
DOTEETHS. '

BN ORBIZBWT—REICAV LR TNS X

* PUEER AR R 7 v — 7
* % AEESTEEMERR SV —7

BUSAHRIEE 20, X REA (F721) Bragg f) ¥
BRERFOTHRIZL > TET D LERALIFET,
FERE G OEA T 10un 2E) DISH % FEREE
FICRIETE R LV O BBERLTWS. KL, =
DFEFBRAT 310121, FORERENS, X #Y2
AR EHIZBW TR HRICIS D AEO R WEES S
RIETHBZ ENEMELRSTVWED, EbIT, b
BIhEL, MWEEFMEFE LRV L, AERE
AR ONTHEZ LBBEN TV A.

LA L, EBRORETIE, bRt EE Ly
HEHHEL, &Y hITMNGEEOREICISVTIL,
BRI HRESLEL RDBANDRL 2. i
E£TI, XBEZE 0. ImBEFTNELTHILICK
DRI OIS ABIEEFIREL LI-EBATIRENT
BY, #@OBRHOMNEROARR Y, BRERO/N



KERAF L B SREEHRS S TRSCATALE  No. 14, 2000

SVWEBHEOSHRIRICERENA TS, LL, &
SERID K & SCEYTREER & Ok LORIEN G, §
EEATE L A2 AR X RBHERE/NELT
NI EHHY, ZOBEIT, BIESHEICHE
OB E S BENE LS L FRENS.

£IT, XBIRTIE, AEBRTHIBRHERY Lk
i, XRBHREROK & EAARAFRB L USHROR
ERBCHREECRITTRBLRA. 27, fHis
DREED X RBAGREREL, WHEECLVEAE
Faks L UG R OBRBISHERIE L. DWW T, fix
D X BASAIZET B AHERBEH S DEHTHE R
%, sin'yit 7 ORMISEE T ARSI S
DEIFHERRE X BBARINTTIZONWTER
BhEd I LIZkYRD, RMEEL sinfyiEIC L VT
MEZBYTEICEE L. S5, ThonBREE D
LiZ, XRBEFROKRE &, BHER, HEORRI
FECEFA, XBBARE, THOKE S, BLW
TARX I T-TRERENAEEHIRITTREL
oML, EETIHAFMBRBIEAORE SBL
CRIEREL, HIEICH%E b LICRHAER L X REBHE
WOKRE EREFRAVTHETZEAREZRBLE.

2. R B

(1) REBHZE

fEx 0 X SEBHRERICRT 5 AEREOAE s
L USH RIS 2 RIE L, X SREBREROK X &A%
BEISHHEC RTS8 R~

RIELEIT, BN X BUEHRIELER (PSPC/RSF &
AT A (BEEH)) AV, REHIZRETASOR
BE@R L
XBRBREEE, K 1ISRT L5, BAEr+90E
BHROHDT—TTHIZLICLVED. ETOK

Irradiated
area

H1 vA%2 777 L B BIEEKORE
Determination of irradiated area with masking tape.

115

X3, BAFmMES Gm) 2—ELL, ARAFEES
GERE 20 #Fb&¥r-. ReHy, REEEODL
PRBFI=FA—F e RB LIy FL,
BE (8 60m) PREBEBEOMAEHME L USHED
REREICHZ LI L VRIE L. XBSHRIES
2R LIRT. B X RIS K BRE2 AV, oFe2ll
Bl & RIE L. ErAIEEERC L Y ED, sinty
BICLVEAEZRE L. 2B, RIEMELET
B7=%, 20-sin®yBREID sin*yDIEAIITHRERBIC /2D
L O THEOYA RS LI, ISHEIXE—ERT 3=
PR3k LY il

(2) RBEER

B 2 (2B ¢5mm, X MRFBHHEK 2C=1mm, 2m, 3mm
(23367 5 HA G MRS A RIEROEIFHRE i 2 R
T WFROEFIRE BRI HE LV IR R S
NY, EyALIBERBERLLRV. B33,

R 1 XBEHBIESRME

Conditions for X-ray stress measurements.
Characteristic X-ray CrK, (Filter: V foil)

Diffraction aFe2ll

Tube voltage, current 30kV, 20 mA

Detector PSPC

Measuring method Iso Inclination , Fixed ¢,
Peak determination Half Value Breadth
Correction Lorentz, Polarity

Linear absorption coefficient{950.5 cm ™"

¥ angle 0, 15, 25, 30, 35, 40, 45 deg.
Stress constant -297 MPa/deg.

Collimator ¢ 4 mm

/s /
lyi’
=l

va
[ 73
SN

AN
A

',
S

.

Z= .S
/i
g &/

Intensity, arbitrary units

\‘%’3\3
<\

Intensity , arbitrary units

AN
o

X 2 4 ORFFROK & Xz ki) 23 ABFEEAR
TERFOEIFEAEEER (B ¢5)

Diffraction profiles measured from various irradiated areas
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Schematic illustration of the effective angles in the diffraction

o), o, by taking account of masking tape thickness.
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Stress factor ¢ , /K, 0/ K|+1 deg.
Diffraction angle 26, 155.94 deg.
Linear absorption coeff. «  [950.5 cm™
3 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

Intencitv arhitrarv nnits

9 4 DRHBEOKRE ST 5HABMES
DEITREE SR (BE ¢5)
Diffraction profiles of cicumferential stress calculated from

various irradiated areas on ¢5 bar surface.

AAREEREAL T, F7z, X110 13E 9 OEYT
MR LB LN 20-sinyRETHSD. K 9,
10 DR ROKT, EREROBHL < —HL
THY, FEFORYUMEETTHOLRZ-TNS.
wiz, B10 0 20-sin’y#REN HROBEEH & X
BEBMEROKE SOBFERIICRT. 22T, #
B X ARPRAHERI 2 C L RHTER 2 pDHL/p, REMITS
X BPBSHESIC R 2RSS 0 LBRERS o, £ 121t
o, Dkto/ o, o/c, THY, X HBHEHROKE EBX
VBREEHEERTILLTRLTVS. RiCks e,
FRATIZ & 0 RO I-EH MRE S (@) IXRAETRO
K& XPBRBRICERR IEEA LT LRV, A
FRESS (B) 13, /pDEIMI- TR
5. ZTAGRE 1N SRR TELMICRT I D
T& 3. B, ARAFRISHOFFRERIZBVT, O/
DONSVIRIE CHBRBEFEELLRVOI, wAX 7T

156.5 F
g
& 1564 |
9
S 1563 F
(o]
2
21562 |
[
.2
g 156.1
g
Q 156.0 T

155.9

-0 0.1 0.2 0.3 04 0.5
sin’y

10 fii4 DEFHEIROK & Xzt 2 MEAKFEE I
%45 20-sin®yHRE (BE ¢5)

20-sin®y diagrams of circumferential stress calculated from

various irradiated areas on ¢5 bar surface.

S t/ p=0.060

;‘ 1.0 p--=------- *--0---W-- - -I -
s

s 0.8

2 Circumferential stress

%:s 06 B Analysis
= D Measurement
] Fitting curve

% 04 } Axial stress

- ®  Analysis
1§_ O Measurement

s 02 — — — Fitting curve

§

Z 00

0.01 0.1 1

Normalized irradiated area £ / p
11 ¢5 B ORBILBEBIRC pELRBILIEN
olo,, olo, PR
Relations between normalized irradiated area {/p and
normalized residual stress 6/G,,, 6/c, on ¢ 5 bar surface



KERRF L EEFEHRASTRAELYL No. 14, 2000

— TEMOERIC LV EFRNRE LN LitkD. T
O EFEERRESHOELhERE, K@) TR
EMTES.
o/c, =Mecos{p ({/p) } (8
M=1.09, p=190, &/p < (n/2)/ p=0.83

B 11 OfrERICAROERER Y ERTTa v b
L= 727 L, EBRERIIHOVWTH, ®RESHC, o
NRADT®, Kb/ & X REBHIEE TDo/ o, 6/0,
VTR L —BT DL L EizRDBN D0, o
FRAWTERBIEAREEL ERTE L. ERTHL
BHEEIROKRE X233 285 ms LUHRE RSN
ORI RE L ITT—HEL T3,

ZIT, B 5mm OBFAIZHOWTRDEE 11 O
B3, BRI/ p b EBREARTINTNDZ &b,
TRTOBRIZBNTHEETDLANLTHS. L,
ERIE T ISRLIZE DL AR ST —TORET,
KO PDw, 0, DREINRLZED, t/pitd->T
MAAFEGEAICOTNRERRELS. B 12 i,
$20mm (t/p=0. 015), ¢8mm(t/p=0. 038), ¢dmm(t/p=0. 075)
IV TR = [E F RIS S ORTR R L URLE &

/ p =0.075
v p =0.060
t/ p=0.038
2 1.0 -—%
(-] v p=0015
= ke
(-]
@ 08 |
£
- 06 | Circumferential stress
= 0.
.'_'3 Analysis
e 04 a/o ,=Meos{p({/p)),p%1.90
K vp(x103)|15]38] 60|75
T 02 } M 1.02|1.06{1.09]1.12
E Measurement| @ | ¢ | B | A
4
0.0 AAAl
0.01 : 0.1 1

Normalized irradiated area /o

(12 & 2 O T TOHE~ O tplZ3$ 0/c,L/pi
LR OE(L

Relations between normalized irradiated area {/p and

normalized residual stress o/c, for various values of t/p

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 x, cm™
aFe2l1,CrK, 155.94 950.5
vFe3l1,CrK, 149.6 682.9
Cu 420, CuK , 144.7 460.3
Al 420, CoK 162.1 209.4
Stress factor 0 , /K -3,-2,-1,+1,+2, +3 deg.

119

RO K CER L L= ERE R 2 45m Db L &
HITRT. ERERITBBURATEROEEIhERIC
—H LT3, t/pDEVC & ZELBROZERIIR
@)DM THETILENTE, M OEITT t/piztFlL
THATS. ok, W1 &R, ole, LV KEARD
EBHBDE, TARFVSTF—Txy P TOERIC
&0, yARKELRBIF L0, WNELRD, (° =S
o, ITFET AR OB EF 55880 K & <
oT, ERISHORE, BErANERAERICS 7
TBHEHTHS.

&2 AT, K@), Crk #RIC & HaFe2ll BIHTIZOUV
TROELDTHY, MERCXBROFEE BR), 5
OKRESRENEDNIZ, 1, 6§, 20,, o /K RNERS
Todh, K(B) LIIRAR DR 12D Z ENTFRENS.
ZIT, u 8, 20, BNRELBRBNLONDMEE
i X ROMEAREDEERY B, RECHOKE &

Vp=0075
060

310 F Vpﬂlﬁls
©
©
@ 08
& Circurnferential stress
w
g 06 oxem|a[2fa]q]x
2 Amalysis | ®|+] x| 0|a[0
204 } arve
§ o /g =Mcos{p(/p)) .p=1.89
§0.2 - tp(x103)|15 [38] 6075
3 M 1.03[1.06[1.10[1.12
Z

0.0 s a2l

0.01 0.1 1

Normalized irradiated area {/p
13 CoK_-Al420 Do/o,-L/piTfl i
Relations between normalized irradiated area (/p and
normalized residual stress o/c,, for CoK,-A1420.

o
L]
i
-

e
%
)

Circumferential stress
o, /Kdeg)|-3]-2]-1]+1]+2|+3
Analysis | |+ x| O|Aa|O

Furg arve
o/a=Mos{p(G/p)} ,p=1.94

o
(=}
T

o
E-N
T

Normalized residual stress o/0o ,

02 F th(xi03)[15]38]60]75
M 1.03]1.08]1.12[1.15
0.0 —
0.01 0.1 1

Normalized irradiated area £/ p
14 CuK,-Cud20 Do/c, L/ pitiLlihsa
Relations between normalized irradiated area {/p and
normalized residual stress o/c,, for CuK_-Cu420.



120

vp=0.

[ vp=0.015

=)

o
o

Ciroumfirential stess
alo,=Moos(p((/ )}
vp(x103) | 15 | 60
1.02]1.99

1.0311.12
p 1.89~1.94

o
[=

o
»

M

o
N
v

Normalized residual stress o /o

0.0

0.01 1

0.1
Normalized irradiated area { /p

15 % 3 WWRLEEL OMEB LA TTO
6/0,-C/ il BIBRDZEL
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for different diffraction conditions and stress factors 6,/K

shown in Table 3.
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