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Measurement of Internal Strain in Materials Using
High Energy Synchrotron Radiation White X-Rays

by

ok ko

Jun-ichi Sumano *, Takahisa Snosu ™, Kenji Suzuki ***, Tomoyuki Hrata ****,
Hiroshi Kaneko ***** and Michiaki Kosayassr *

This paper presents a basic research on a measurement of strain in the bulk of materials by using high energy
white X-rays from a synchrotron radiation source of SPring-8. WEL-TEN780E (JIS G3128 SHY685) whose grain size
was 13um was used as a specimen shaped into G type. The specimen was loaded with bending. The white X-ray
beam, which has a height of 50um and width of 300um, was incident in the specimen with the Bragg angle 6 of
5degree. Bending strain at the surface of specimen was measured by a strain gauge. The strain in the loading direc-
tion of the specimen was obtained directly from a rate of change of peak energy of transmitted X-rays through the
thickness. As a result, the internal strain of SHY685 of 5mm thickness could be evaluated using white X-rays which
range of energy from 60keV to 150keV. It is suitable for the measurement with sufficient accuracy to include more
than or equal to 5000 grains of crystal in the gauge volume. The measurement error of strain could be decreased by
using the diffracted X-rays with high energy. Furthermore, the measurement with a high degree of accuracy was
accomplished using o—Fe321 diffraction in this material. The results showed that the high energy white X-ray is

effective for internal strain measurements.

Key words : Strain measurement, High energy synchrotron radiation X-rays, Internal strain, Energy dis-

persive method

1 #& =

I AL F = HGEIC N S XfE T R OL X — R AN A
WHGXHETH S, HREOREXBERRD, KT
AINE—DPEEBIFILE-—DXBBEENS 20, Kl
25 VORI 72 B A0 RS T 1 BRI R S R IRR L 2 15
bhb. Thwi, THLF—"hkd, EEEO%
XTI - TEAL T B FAIS T O IR 1= & AT BE
AETA. 72, BEXBICKE 2T VL 2k EDL
SH O TIIE L & B TC R ORI & AW
CHNEXMNRE LNy s 7Ty v Ve 7-0MER
O T A2 E726FH, T 3ILF -2k Tl X
DOEDDOE -2 L2 - 0MIEREICHEL KT
W, ZRSOREAEN LT, ZhE TITHIRIET %
LFE—DOEEXHREHNT, WS O2OHIEEIT-> T X
V=L LS, EEEON XE R ohIAG
XA R4 X8 B I3 OREE SR T L Z L RiE )Tl
EICEOF AR AT L5 2 8, PR ERa

DIZAT—TE—=DRERCHTEY -2 DS X &l
ERTEOMER: - 1 FISHEL XA 0, TFRZDEDHA
bW T Zhh oz, —HT, YrruabaVghes
S/RSNDEME, @T, RGO A LE—-DHE
XAROMBIAERZ EEEI 3 B L7z #lE 2y, [ESOmiFes
BIZHWTZ Z 10 FHIEEfTbhE K Ich>C&ERITD
HARIZBWTEE T 1L X — H—¢ RO X4 Hn7zin
Tl O~ WAREAI T DTS A, [ X% FIH
L7l AL s, LAL, BTrLE—, &7
DOEEXHE, Btk X8R 28 mm L RILOEE X
FTRATE, P TIERBNHFIO K 0 yum A+ —
A =S OITTHE N EEE 55, 2O LSIZ, BT h
LE—FEXHIC &AM, R Xl & T
TR T ZHEN AR BAHIF SN 5.

55 3 R OBSEhER T b 5 KA (SPring-8)
AR T XL F — A3 28.9keV & 1A D E DD
BEATILE—KD & E<, BT AILF — XHERIZIH

1 JFkaZ R P19 1 H 25 H
E 2 B LRI TR
* ok L2 8 ) 0RO SRR R 2 = b

Japan Atomic Energy Agency, Sayo-gun, Hyogo, 679-5148

% sk ok
Niigata, 950-2181
skosk ok sk
d kokckok () HOARJE T IR 2R FE R BRI 2 = b

Energy Agency, Sayo-gun, Hyogo, 679-5148

Received Jan. 25,2007 ©2007 The Society of Materials Science, Japan
T090-8507 AR AN, Dept. of Mech. Eng., Kitami Inst. of Tech., Kouen-cho, Kitami, 090-8507

T679-5148 S EL{E FHARMAZ FIM] . Synchrotron Radiation Res. Unit.,

I 2 B #EREEE AR T950-2181  #ih Ii-HJf 2 ®HT, Dept. of Tech. and Living Sci., Niigata Univ., Igarashi-2-no-cho,

LR TR RSB > 2 7 2 %8 7090-8507 LRI AR, Dept. of Mech. Eng., Kitami Inst. of Tech., Kouen-cho, Kitami, 090-8507
T679-5148 Sl L IR W], Synchrotron Radiation Res. Unit., Japan Atomic



986 SREPHI—, EREEOA . SRR, THIRZ, &7 %, VWil

WCW5, £ 2T, SPring-8 (23 E X M7= HAE 1 J1fiff
TR Y — 454 BLI4BlL I2bW (B oh3
BT ILE—O@ XA RO T, SERIPR OIS lE 2
B 2R 5 d R 21T, BT R LF A XHIZL
ZE DS ARG 5.
2 IXIF—BEERICLZVTHEIE
O A, MOTAOI T TR d 25348 LT, O
FRERT DO THEE d 26X Q) TEEh5,
zd;jo W

b d &R 20 DBIRIE, 7T v 7 DOE&GH
5 (Q&n3,

2
= 2sing @

ZZTARXBOWETHD, XHFEOWE A (am) &
FILF—E keV)DOBEKRIER )Tz 603,
5 = 12398

- ®
R @) AR @QIATS L,
12398
= %Esing @

LB, T XILE SN A 20 & E RO T,
X @ERXDIRATEER G) &5,

_ d;_odo _ EnoE—n E, )
ZZT, Epl3EOFTAEORIT XTI LFE— E, 1T
AOFTARORF XM ALF—TH 5, L1, O
FAEMPT XFOT I F =26 RDEN S,

3 X B F &

3.1 HEkAeXBIEHATEER

ARFEFIIL, BT ALF-HEXHENEE T 05
75, SPring-8 O HARK I ZEFl MM — 45
4V BLUB1 2 L2 1VARE— 454 Vi1 DONF
Ny FE2DDHFBNy FNORO B, B0 SE
Ny FCE, WEEKUCHGXBOm G E2#HH$T5Z &
WTED, KEBIZOFEG N FITTUT R 572, Ay
Fid, FIZXAFS # 4 7O - BE FiZkir s
%%W%@#%ﬁﬁ%ﬁ‘%n%h?mé Ik, W

WEEEZO72FEEA—ILOREIL 1°C/ HYUMNIZER &
N5,

HE X HRIE & 2 7 2O % Fig. 1, {1hk% Table 1
IORT., EBNy FITRE SN TS YILF TV ELT
LA LWHEN S SR REEO P OEIC T =4 27 —
Y (rhJUREREED) AELO Y, 2 OdSmITERER R A A E
L7z, 2ORLFT Y ELTL ZITHERD 2 Hilo4r 3t
(HUBER #) Z#lAadba, Mor L7z 28326 20 v
MR A TN EFNRE LTS, ASEhETEX
BuIdicfEohzEE 2 ) v Mok B Ehs, 2%
MG ERED Z ) » b AE XN, ZOREANZIZE V7
TYTEE SN2 ) A= ARRE SN TS, T A—
£ ONFEE, 20 /M2 50um, e IEE A S5mm,
R X132 150mm Th 5. X IZIE Ge 8RR

Fig. 1 Experimental setup using white X-ray at BL14B1.

Table 1 X-ray conditions for stress measurement by
synchrotron radiation at BL14B1.

50 ~ 150keV
~ 10" photons/s
Height =50 £ m,

Energy range
Photon flux
Sizes of divergent

slits Width = 200, 300, 500 4 m
Sizes of Height = 50 £ m, Width =5 mm,
collimator Length=15cm

Sizes of receiving Height = 50 £t m,
slits Width = 200, 300, 500, 1000 &« m
Detector Ge Solid State Detector

#% (Ge solid state detector : SSD) Z i L 7= \9iEa %
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Fig. 2 Escape peak detected by SSD.
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Table 2 Chemical composition of SHY685 (wt.%).
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Fig. 3 Geometry of specimen and beam alignment.
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Fig. 4 Diffraction profile of SHY685 by white X-rays.
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Fig. 5 Diffraction X-ray intensity and energy vs slit size.
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Fig. 6 Change of diffraction profile with diffraction angle.
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Fig. 7 Convergence time of measurement data.
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