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A Study on Application of Area Detector to Neutron Stress Measurement -
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A fundamental study was carried out on an application of an area detector to neutron stress
measurement. A neutron image plate (NIP) was used in this experiment to obtain neutron diffraction
rings of polycrystalline steel specimen. The diffraction data were stored on a NIP and were
converted to digital image data. Strains were obtained from these data and were analyzed to
determine stress using the cos @ method. Though these stresses were different from applied stresses,
they increased in proportion to applied stresses. Namely, the differences between measured and
applied stresses were almost constant during loading. Based on these experimental results, two
practical methods were proposed for determining exact stress using a NIP. The stresses obtained
using one of these methods showed good agreement with applied stresses. From these results, it is

concluded that we can obtain mean stress in materials using neutron diffraction technique with an

area detector.
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WO HHERE L FASREETH I I Lo EROEE
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B, HA 59 12 200 mm X 250 mm D & % 2254
fRHE 100 pm (F 7213 50 pm) W CEHEIT & 2 hETH
DA A—¥ 7 71—} (neutron image plate, NIP)
ZEAFE L. NIP 2AW3 22T, BRoF L v
FICHRESKMEC TR 2 B, £ I CTHRFRET
3, SRECRRHECThoTe V7 T4 5727512k 3
TR EIE DR REME I D W T NIP 2 v TEE
Wt 21T o 72,

INETEESE, XBA AV 77 r— b+ (X-
ray image plate, XIP) 2 L7z X e HIE D
WTRE EIT>TH Y, {EROFHEIESIHE R (sin® ¢
%) 8 & U=#lE 7 8E 5 (Dolle-Hauk ) 12 FEEk§
ZREESTZLB LR, TR T, ZHESHE
O=zalsfy's 7 alsHE, MAK SRR O
BIGHRE, avCa—S VBT 7 4 BEIEALE
MEEROISHAMHE, 70 bER I L 2 HeE
L&t 22T, KPR TE, 7, XIP O
ERCEM U T 72 [P E{R O FRHTRMT O B E Bl % 16
MU, BREFIHZER JRR-3M 81 % NIP HO
IEHHIERES & CEGEN 70 77 ADOREERTT-
Tz, 851, BIRIG %25 2 1808 OFHIC HEIE
EHL, X kL DFBEPHBER L1V DD OH
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2. B KB &

AEERZ, BARKFIHER O EERIFIELF JRR-
IMIZREI N TV AERALIHE=L Y 7 (RESA) i
TiT- 7. ANIPHIEEEOE 2B, AR &
FIEEE BIRICHEE) & NIP 2 ASfE— 2L ¢
FEIFEFTLY 7 (NIP A XT)DATHD, Lk
DT 4777 MNA—FHEELRTEERY IV TH
%, AZEE% RESA D2 0 #li% 07 i E UIREET
20 LweRREL, FERNEHFSHETEL R 5 &
i, R1ICAHZETHAL - NIP HEREE
DEEBEEY, £, M2 NEROBE 2R T,
NIP # £ 7%, NIP # Ef i FHEICEE T 2 BN T,
NIP £ #3 2EICER 0.5 mm O7% 20 mm [EF&D
PRI, HH»oHERS T 2#E L Lk,
NIP OEHEEIZ X, NIP O & 2, BX U, vy D%
HEENELTEIImmO7IVE =y AR E£EH
EHE, ZOT7IVE =Y AROHPREBTIZ T VIR
DHEEM RV RIS, BB B L UCEEM(Es 1
mm, B 20 mm O FFEREER) O BT &R % B iR
MTEDL LI LT, BEMIPHFEIIRICET 2
AR E —AfiE B & U NIP & HERF & O R e

Fig.1 Photograph of experimental set-up for neutron
stress analysis using neutron image plate (A:
NIP holder, B: standard material, C: specimen,
D: loading device)
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Fig.2 Strains used for stress calculation and other
principal parameters used in this paper

TLENTHEALL, RBRFAREE R, RBA AR
E—ARX U TC2T R S IRRE T, RBRAE » o F
ETBEITE—L2ESBOE I WCHF L,

HBA i, M3 R TROBHMESEMH KRN
S50C BB TBC S IRERELE L L THAL
7z, WEWE S5mm & Uiz, ARG 55RE I v
TeEFRCEFy FTHEEL TS 2, BRI
G OTARS—VERBLTRHLE, OFa75 -2
HERF OFME S SR ZhFh 2 ETY DI
fFi7z. 25 LT, AFOT A0, 500, 1000, 1400
(X100 ) DB DWW T ZhZFR 2 E Y D E B
(eFe 211 [B147) 2 @IE UFz, ik T IRESR R 5 ReRE
Ll ERPESHERICTEDTRT (I v a
WITEEEM D).

AR TERAL I EFE -5, A X Fa—7
NTRAa o774 00001 EIFCEL->T, BE
% 0.208 88 nm IZHEAEILE -, B & 10 mm, RE
10mm DBCHAY Y b, B, 774 bF a2—
THOKRE »NIZE L 0.5mm, XE 3mm O Cd
AV vy M ERFRFIERLE BEFICASL.

NIP i #55% & fule i FREIITRE SR 1L, 1P Feivk
i& (Fuji Film, BAS-1800) i2 TLE 5 #EEE 100 pm, HE
FESREE 16 bit DRGETT 4 VI NVEBRT -5 & L

Table 1 Experimental conditions

Diffraction aFe211,26=127°
Wave length of neutron beam 0.20888 nm
Distance from NIP to specimen 488 mm (20 mm)
Incident angle of neutron beam 20° (0°)
Irradiated time Shr
Irradiated area ¢$3mm
Thickness of specimen 5.0mm
Thickness of s.m. 1.0 mm
NIP used Fuji Film, BAS-ND2025
NIP reader Fuji Film, BAS-1800

(note: figures in parenthesis indicate for
standard material (s.m.))

o B %\MA&
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Fig.3 Shape and dimensions of specimen used. Thick-
ness of specimen is 5 mm
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THIWY, a0 a—FRFEELYE. Bon-EH&RT
— Y OB, 1 EOEITRY DK 10 MB Th 3.
Rz, BERT — ¥ 2R TIER L 7z Visual C** i
KBTI kD, BITBERF IO EHH
BEafmiR (BT 7o 7 4 V) OB, H¥EH O RTER
R B ABE — ADHULAIBRE, RERF OEFR
EZROWRE, cos e B L BIBHETED, 2 2hFh
Totz, BI¥HT 707 4 ik, —i 200 um OIEFEHE
A DY 7 2V OFEIE %, 100 pm R < EHFER
FEARMCEFNCRD TERLE. 20X REHE
ka=0"25359 £ T BEfFol, S5, at
I Nh2ET61HEOREYT 707 4 VDFEH %K
BHBEEbIZ, LEFACHIERT (G155 0B
B EThZThiTo CTHERIEL. 25 LTEh
72EHTE — 2 iz LT 8/10 il b ST E 2 5HE L,
Z DOAE E BIHTRTBO & OEE R BIBRER (R,) &
U7z, EHFROFOIE, EEMOEITRERZMH L E
Z, 180 EOBEFEDOF.OLEDERD 102 pm UTIZ R
% TYORETE 21To THREL 2. EIRERLSIG
HEEETOS O A BMRICE DT,

Fig. 4 Neutron diffraction rings obtained from steel
specimen (outer ring, aFe-211 diffraction) and
standard material (inner ring, aFe-211 diffrac-
tion). Applied strain is 1 400Xx10-¢
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Fig.5 Diffraction intensity distributions in radius
direction in different stress state (s.m. : standard
material) '
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4 ICEEERTE S N oFe 211 i FEIFTHIC
DWT, BAROT % (€a) H31400X10° DBEEDH D
ERT., 58, [PHEREBOREDD, BoniHE
BIEIEEHLSRLDDER->TWE, M4 2E
FOERBRBE SN DS, EROKE WIE ) BRBRA
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b5, M4k, AFIEHICE2EHFBOZELIZER
TIIARICHERT 2 2 L RRHETH B Z L dbhr b,
Z D7z, NIP 2R U i T8I 1R R R R
HEMBARAIRTH 5.

Ric, BIFERERE ST RO BHTEE SO —F %X 5
WY, Mo 2@o a7 4 0055, FEISER
VT A 1400x107 DFE, TRIBSEOBETH 5.
WIS EFBRPLAIR a=180°TH 2., K707 4
WO EBIETERGOED) O C — 7 i3 B O BT

(aFe2lD) 2k 3 b DT, AEIZRBRE OEITIC L 2

YDTH5, MEDOST 7 4 VOIEEE NIP &£ D
B, MROB S, ANADHBRIZLZbDTH 3,
K5k D, SABHE OEMiEDIZ S BHSMITKEL,
Ei, ARAOENOLOIENHZ a7 4 v ER >
TWBZEBbhb,

X613, EIFBREEREROIERTHS, M6 kb,
EHBRLFEIFIICKE R VEOM A ZR > 125
ERLTWBZEDNbrs, £1-MADKE I ITHED
THDOEEDEIVPKE W, K6 DERITIZ, HREBRA
DEBITOFENEZ 5N 5D, FEBROBAGESR
BRBFORBEU EEHESNE 2L, BLU, BY
EHOBMBRBELECBWTETHL I tho, B
BICTOEBIVRWERBbRS, 20k, Hobh
Uy Ialb—varitkaFERNETo7. 20
R, M7 I10RT X512, ASE—20MER L THE
CHEEINWIHECE, B—Esrom/ifT 554
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' Fig.6 Radius of diffraction rings in different stress

state (applied strain; O: 0, @: 1400Xx10-°)
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KEL R THERZBEI YD I EPHEREIN, &
512, NIP L& 7T 7 4 1 X BB OO HE
BDaWEKELTERD, Zhd el k3 EMIEOR
Y, B I, EFBREEOBRY CEESHDOMA) 25|
T BT o, —F, SR EART
&, coseFBEDOHEBE LD ELDOEHE — AL a=
180 D¥ZEEHEMETEEMERL, T es=
1400X107° 2B 2 PO MA DY 2E L & ¥
REREEZONS, BB, BEMTRASAZEE

ELTW37®, BBAFO LD 2MA&EHENL W,

X8k, BT 2AHONK(8) TCEREND a1 %
cosaZMLTCTuay bL7I7THS, ShDb
Bonzbon, £EICEIZERICAHmT A
BERHHND, ZOHEMNEROEE SHHEOETICH
BILTw3, &8, AFEICIBBEDLEELETHIO
EEERLEZDIZ, K6 28T 5 EHBEEOMAIC
MET2DTH 3.

Kz, 8Icx LT cosa®ErRBAL TG ERD,
BFEICH LR LUEBEREER IO oy b TR
T, MbOFEBRAFEHE 1 1T 28%5
L, BBRERETF— 7 2 1 XREM LR TH
5, 2hZEn 2 BT OOHERTo 108, 2FHICH
BiEOb2ERIESNTWS, M9 LY, AIEMER
BRISIC LTIEIR 1 OEE 28/ - L ERNZEE 2
Yk &bz, AR LTRSS BT 390 MPa

a=0°

Fig.7 Calculation of neutron diffraction profiles built
up on image plate
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Fig.8 ai vs. cos @ plots for two kinds of stress state
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ey PNV RIERERL T WS, AEBRERICED
WTHIEEZRETHIE (ST 2bb, cosa BT X 3G
731{%@6%@?’&5-390 MPa #Z L5l 2L
), RADIGTTRES R KB RAEE B THE
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K 6 12 U 7o SEAFTEFO BIFTBREE O MR G
T5H0TH5, ZOER, RBHOE S, HiT%k
BTl 2TEENHY, TS5 OEFRMBEHS 2T
ENIXHER R AEELILS S A RENEZ 5D,

4. # =

HoFo@D7uy Mk, ARV INKBIT SIEH
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CEABEIFTROFEHEEEMEL b L THE
cosaEREALLLEDERTHS, Mo9XD, &
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ZOFERIZ, BISHTREDEITR & RAOIGITIRED
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Fig. 9 Stresses obtained from raw data (O) as well as
from corrected data (@) using the cos @ method
as a function of applied stress
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ABLS T, BITR 2R T 2&EITE— L3RR
S MBI R A IS f5 R, TRINEMSR 2 O TH
FEEMIBEFRETCH—EERS6RL, ZDLD
2, EFROSHIBAUADOER L > TOLEEE
25, ECTREORFIFROMER XEL ORFOE
ErtEgs Y, BRI L OBKRE Y IV TH
HRbOLT2RBHY, FHEI L BIEHHED
EEEm LA TH S,

& TCcosa X, ¥ MHEORAECCEITLI-E—
LENRELIAETH DD, BAEI DD THK
WX BN RESTH 5D, TORE[/UL
DRAEE 2 RTHEFEHR TREL SERTE 2V
B ThHs, FRCHbrrbo T, KERERD LD
IZ cos @ #EZ X o T NIP O BIE#E R BRI
BECTELBERHIZODOLTREEFET S, HI0BLDY
11 CHEOEE, B OEEOESR z TORFE
—LDEECHT IEARE2TT, BEHE 10 OR
M BLUVESFRAC—EDBIBERALE & & (E
B)OREITE -4, 2hth, EOBIDLDHEFE
TRARCERT S, £/, B L5 NIP ETO
v— 7 iBORHE (Y —27 ¥ 7 M) IZEFES IKE
L, BE 2 TOE—27 ¥ 7 Maz, 4dR,) &, BEKRH
DYHD(s152, ARs) LDt a FRAD & 51272 5,

_A4AR. _ R e, ‘
=R 1 T cos 4o (1)

IZT, LEAATER, b B3PETFE—-LDAHAT
3, ERIY, a3 ziclhflL, 228K ERDE
BOEFE—ABNBADE—2 Y7 b D, Ll
A5, MEOHETE, L3RE t clTHaK
EVDT(L>t=2z2), R(1)DOEUL2EIIEHATE
BB axl EABTIENTES, Z0ORK
B I RTOES»S5DOEFE—LIIENIP Rickw
TERELVE—27y 7 ek (R, ISHBR
HWT—EER)., 20D, ThoDERTH
NIPDOE—27 7 b (dRwp) b EXDEIFTE — 4 &

FERkDOE—27v 7 hEkd, D3 b, BREMOE
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IP & Sl. Sz Zl ZZ
L
So
¥,
A A
g

Fig. 10 Explanation on peak shift of beams diffracted
at different depth in material

X cos a BTCIEL L BHIEHATEETH % D T, NIP
THREBRI cosaHLBER LB 5. FERERY
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X2bDLBRTE S,

nE, BECERN(DOEIE2HOFE LD,
NIPO7u 74 ViZBRBRAF&RRAOLD L IZETR
2, REICS X BHRE» S 1~2 mm NED EBIH
E—2DEHEREVERAEZRT, Lo T,
NIP DF—4% % cos a L CHEN T 2B B A AT
EL2Z05PJMEL, L+(1~2mm) £ LTGH
FETZZET, JVERESKEENEONDS L TR
ENns, ZORRBLTRERAY I aVv—ya iy
> THRETHFTH 3,

BE, ZRAFERTY) 7T 4775 & 5HETFIEH
HIEEORERCAIE—AT v 7 LT, 5IRIEN
252 EROFEHIEIC OV TRN 2T, 20
o BRHEREBOAEOAZ ST, IGAE LT, R
BEERER EORMBEEMOBRRBOREILS, 5\
X, BMEMEOMICTREBOFH ke LTRIETE
20THY, ERNLZAIEFELEDLETWS,

5. #& =

T A R —Y Y 7 FL— » FBGEEHREDT
etz oW, BAET HHFZEHT JRR-3 M O #eh
FEEERICBWTESE 5mm ORERF (S50 C) 2 H
WTRET L7, ZORER, UTOBESHES » %5

7z,

(1) HEFEIFRE, EEHRCBWTL 20
F(E—I7B)B—E TR, a=180° DS s34
DFFWZHARTINEL BB,

(2) DR, coseE X 3 HEE TR
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Fig.11 Explanation on peak shift of beams diffracted
at different depth in material and relation to
peak shift of composition profile in case of a=
180° (oare: applied stress)

NII-Electronic Library Service



1716 PRFRAREND LY 7 7 1 7 7 5 OHER BT 2 ERHZ

JEHBE T B (REBREAEIC 3V THI 390 MPa).

(3) EEOmRHOThER, AFEHIcEs T
EIE—EE LR, cosa BIC X BN BRI
SLUTIRIR1 OMEE 2R,

(4) AFESIREORIPTEREE L EISTREDE
TRFE L OE R, AFIGIRED TR O 4%
EMET 3 L, cosa i &k - THFIGH L IFIZ—5
TEABEONS,

(5) BEXDY, cosaiEDEiz fIERECKE
U7 HE & (REBREM T3 390 MPa) # &+ 3 4
B(E—), £, Bl (4) BRI EG O E
FREEEL LIHESAEREZR), owthyric k
HITHEETFA A=Y v 77 v — N2 & 3 ERERIGHHE
ENTREL 2 D,

Bbhie, REBRZBOTRENRB I EVEP 0
TeBIRKFERE A, FHH, BAWS, REER, &
BRI, LIRS, R, EOERE TIRE, g,
BBEOER, 260K, EBORR B2V
W I SUMNBEEERE ST BAFE R - YRR —# R IR0
BE*»ET 3,

1F8% cos aXKICL BInHETE

AXOK2 &Y, BIHTRER R GEHF A 260 &,
IPLMEEDERLEBTRA»oRDON B
(INF o BEHTRO e AAM EXMIET 2 2 L 2R T,
LATIRIER).

Ra=—Ltan 20, +eeeeeeeeeeeerrienneeeneiiin (2)

Bragg D&MHR LD O T % e, BTHEHMER d, 260,
WZIRROBHRL D 5.

ea=(4d|d)a=(1/2)(260—28)cot G -+ (3)
ZZT, dddd DEE, 260 3|OTAHDEED
20fETH 2. K(2), 3LV Red ea BBFSH
3. e TFEBEER (S) OUOFTHERAOBGRE
D.

Ea:nsin3j€§j ....................................... (4)

ni 13 Si R & KEREIER (L) ~DOEH~ b)) v
IJATHY, £z, €. 13 Ls IHAOR VT ATH 5.
ny &, BEREDIOHCDOOTRT ERD LD ITK S,

731=C0S 7Sin ¢o COS Po

—sin 7 cos ¢o oS ¢o cos ¢—sin 7 sin ¢o sin a

732 =CO0S 77 SIn ¢ oS Py .

—sin 7 cos ¢o Sin ¢o cos @+sin 7 cos ¢ sin @

N33 =CO0S 77 COS Po+sin 7 sin ¢gocos @ -+ (5)
TIT, o FAFE—L L SsED LT, do lXAS
E—LD SIS ANDEEL SIHE O TARZET.

MER2EHBEAE L T2, BHEVTHOBEGS;
REROE Sz 3,

EZ:<%>[6£+ 3:‘;‘%(01514- 05+ (7353)]

ZZTC 05 70RYh—DTFNITHAB, stk s,
BEITFEEEREEL, YU IR (E) ERTY VI
WMREIXRRNTEZONB(EBL T viVTRY
ETHEOEZ G2 0ERH 3),

Slz_y/E’ Sz=2(1+1/)/E ..................... (7)

Rz, A d e, t+ae, —a, T—aktB LS

4DV T A% €a, €xta, €-a, En-a ERL, T OH
Bj)_\'iﬁ@ a1 {?*3@5.

a=(1/2)[(ea—€r+a) +(ea—€nca)] -+ (8)
R(4)~B)EAVT e GRS TERT 5 &,
Po=0DEERAD L5183,

a1=[—(s2/2)sin 29 sin 2¢o] 03, cos @ -+ (9)
BT, a1 % cos o TR T 5 L XX %eB 3.

ot =[~(s2/2)sin 27 sin 2¢o]"(8a1/d cos a)

D 55, do IXBEHEE LTRZ 2D T, ar-cos a 1§
KOEE 2 5I5H of BRETE 25, Dl Ed cosa i
X BISHEERTH B0, 28, 7 BIEHICEE
T 2Hsin 27 EADEEIbTHTH D10, 27 %
GO L XDE p(=1—-26) TEEXHZ THEH
EXREI A,

X 73
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