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Study on Imaging and Strain Mapping in the Vicinity of Internal Crack Tip
Using Synchrotron White X-Ray
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An imaging and a strain mapping in the vicinity of a crack tip in material were investigated using a high energy
white X-ray obtained from BL28B2 beam line at SPring-8 in Japan. Low-alloy and high-tensile steel (JIS G3128
SHY685) was used as a specimen prepared in the G-type geometry. A fatigue crack was introduced into the specimen
by a cyclic loading. The imaging of the crack in the specimen was carried out by using the X-ray CCD camera that
can detect the X-ray transmitted through the specimen. To measure the strain, the synchrotron white X-ray beam,
which had a height of 80um and a width of 300um, was incident on the specimen with the Bragg angle 6 of 5 degrees
using the energy dispersive X-ray diffraction technique. The internal strain in the vicinity of the crack tip was mapped
out by scanning the irradiated X-ray position around it. As the results, the imaging of the crack, with about Imm
length, in the specimen under the loading of crack opening was practicable by using the synchrotron white X-ray.
The map of the internal strain near the crack tip of the steel of 5mm thickness could be obtained using the white X-
ray with energy ranging from 50keV to 150keV. The plastic region estimated from the distribution of the FWHM of
diffracted X-ray profile almost agreed with the theoretical value calculated by fracture mechanics. It was confirmed
that the synchrotron white X-ray is useful for the imaging of the internal crack and the strain mapping near it.
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Fig. 1 G-type specimen configuration and loading

direction for fatigue test.
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Fig. 3 Experimental setup of imaging using high
energy white X-ray at BL28B2 in SPring-8.
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Fig. 4 Experimental setup of strain mapping using
high energy white X-ray at BL28B2 in SPring-8.
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Fig. 5 Setup of specimen for strain measurement and
schematic diagram of gauge volume using transmission
diffracted X-ray.
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Fig. 6 Imaging of the crack in the specimen without
loading of crack opening.
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Fig. 7 Imaging of the crack in the specimen with
loading of crack opening.
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Fig. 8 Measurement area and positions for strain
mapping in the vicinity of crack tip.
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Fig. 10 Strain, FWHM and intensity of diffraction X-ray
distributions along crack direction.

ZO7W, WEKE 52 Z enBEIhd -olato
WNFEI TS, 72, AR RO TR RS 5355

LTHD, 10mm OFEFAFREST -IRELE L o6h
20T, UL el xigoteds.

Fig. 10 @IZHBWTHITE— 2 v MZ X B ARFOT A
FHEABTRLTCWA. Fig. 10 @75 / v FIR, S X4
PEIET 2 L BONBHPATOTANIEETH S Z &
omd. ZHEERICKDISNPHKRE N THh5729
EEZOND. /oy FIEHD SR Imm D = TR &
ZZoNBMET, WEOTANEMOT ARG
ZRIL , # 2mm O E THOARMO$FAIZ KL T
W5, LRI KREAOTABREL TR Z &
2bn 5. Fig. 10 @D FWHM O3 fixR5E, /v
FIED S EHMNFIET B L BN S8 THTIAL B>
T3, FWHM 30T ARE L OB S N Tk
D, EFROMEIZME S TRA L 2RO RGEE2 R LT
WAEDEbNE, X510, OFTAREREERIZ » FEH,
5 1mm O X ZUEHHERE & & A 6N B s TR REm
L, 9 L4mm Of7E CHOWMD LT3, AffE 11T
WB72W, XRUEMICRZ BOTASIREL T, #i:
TSR DAL R DRE M Z2 E12 K D FWHM 24755
7eEIO6ND. /v FIRELD Ldmm DI, (ZITLE
LTUED DA/ LT3, FWHM ORI 5 #iPH A
OFADR KT 2 HPAIZ PR DIE, FWHM 2884
BOFREIZOABHE L TWEZ L5 R Y AR EE
Abhb.

Fig. 10 (b) D581 D534 & A % &, FWHM A3
M B8 THEISHD LTS, KEAOTARIZED 321
1 2SHTE F7 1 &3 B REED H AN D ZEeBELS
NBA, B TR S M TE AL, 2RSS0
BN E TR 20 mIER S hah - 7.

Fig. 11 & Fig. 12 1281 & 13 72 RRED oFe321 il
B3 2 ARMEHEO VA E FWHM O 5346 %7187
Fig. 13 & Fig. 14 IZREBICIEAMTIRED DA AR . X6
12, Fig. 11 ~ 141281 3 22UTR - 7z b (i
Ye) OVOFAE FWHM O A%, Zh <N Fig. 15 &
Fig. 16 (287,

Fig. 11 206 O-§FAD 301 2 L@ A1 (Y i)
WAL, —IZH ST B AR DIG 36 12
LT3, Fig. 15 25DNIBERA A -2 v 72
K0 Xz 22 & b 559 1.03mm i Eicid
JEMEDOFAMBFAEL , F1.15mm A 6 1.7mm (2
DEMOTAHE LS5 OF AR L TnE, #
FIZ Y, 2, ARk XAMNERT L2008,
EXAOEMIB RIS IS TEFEE S m0, LzhiS
TERZUEMIZ, EBRICRA A=V v ZICXk e S -
J oy FIED S 1.03mm OALE TIE A<, & HITHEBD

Strain

0.00300

0.00250

0.00200

0.00150

0.00100

0.00050

o

—0.00050

Depth from notch root, mm

-0.00100

-06 -04 -02 00 02 04 06

Distance from notch center, mm

Fig. 11 Internal strain &, distribution of oFe321 in the
vicinity of crack tip with loading of crack opening.
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Fig. 12 FWHM distribution of oFe321 diffraction in the
vicinity of crack tip with loading of crack opening.



672 SRETAI—, WESREROKEE, MR, ENdsA, $aARERA ., TOA @B, WY, AVEW]

1Llmm ~ 1.2mm ffE&EH L 605, B2 ->Tn
TR FZEMEFBISIER IS, A X =Y v i Tid
R TEEPSTZEEZOND.

Fig. 12 7> & Al FWHM OIAWGEEE A, 130 24
S Wb B NEITAIEL TS, BIROOFAD S}
FNZHARRR /oy FMUNZE, B2z 103844 2 ki
IR A PODIZAA T B 2 5, VK E W FWHM
IAR DL A &G T H B ETREME A3 . Fig. 16 2
5, ZOMEIZF 1.2mm TH D, Fig. 11, Fig. 1575
feE /- 22 NE S IZIFR CTh 5.

Fig. 13, Fig. 156 225, #EEAMIFICHWTL/ » FIED
5% 1.1mm ORLE % H0 2k % 2 A O3 A AVEFE
T5, Y EFLEAR, o KOS 2 S B & i
HICk 5> TR LM OTAEE L 6N 5,

Fig. 14, Fig. 16 75, il FWHM D55 A5 12 B i
BRI, KL AR B 0MAEILFEIC Th 548, 205
I N S, BfIRFIEEN OFEAE 2 12K 5 FWHM
OEEMBEFENTHBEOIZXT L, WA CIRF ik
OFTHROBRIBERLTNBZLIZX B 8D ElbNS, %
X 14mm » 5%, Bl & A TIEIE—-% L Tk
D, ZThXDEMIE IO E LI BN E03b
»5.

1.0 Strain
e 128 0.00300
E P dilig- O 000250
8 14k ;"" . .
o | b 0 B8 0.00200
£ 16F e 1 G
8 L 1 0.00150
=}
c 18F 0.00100
g 20
£ 20} 0.00050
e |
B2t i
a 24 -0.00050
: P S R [ 1 L L -0.00100

-06 -04 -02 00 02 04 06
Distance from notch center, mm
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vicinity of crack tip without loading of crack opening.
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