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Observation of Internal Crack of Steel Bar by Computed Tomography and
Strain Mapping near Its Tip Using Synchrotron White X-Ray

by

Jun-ichi Sumano *, Kouji Kirrvama **, Kentaro Kaywara ***, Takahisa Snosu™***,

Kenji Suzukt ™****, Takayuki Arar*****, Setsuo Miura* and Michiaki Kosayashr

Observation of the internal crack of steel by a computed tomography (CT) and strain mapping near its tip were
investigated using a white X-ray obtained from BL28B2 beam line at SPring-8 in Japan. A low-alloy and high-tensile
steel was used as a specimen prepared in the tensile bar with a parallel part of 5mm diameter. A fatigue crack was
introduced into the specimen under the pulsating tension load (stress ratio R = 0). CT observation of the crack in the
specimen was carried out by using the CCD camera that can detect indirectly the X-ray transmitted through the spec-
imen. To measure the strain using the energy dispersive X-ray diffraction technique, the synchrotron white X-ray
beam, which had a height of 100um and a width of 100um, was incident on the specimen with the Bragg angle 6 of 5
degrees. As a result, the crack in the specimen under the tensile loading could be observed by the CT using the
white X-ray. The resolution of CT, which was about 18um?®, was considerably lower than it using a monochromatic X-
ray reported previously. The large tensile strain was measured near the crack tip. It was, however, relatively small
under the influence of the long slender gauge volume as compared with the crack tip distributed circularly. It was
confirmed that the FWHM of diffracted X-ray profile measured near the crack tip was increased due to the steep
change in the strain distribution.

Key words : Crack, CT, Strain mapping, Synchrotron radiation, High energy white X-ray, Energy disper-

sive method

1 #&

R h OREE IR U2 2 202 K B E R D

TWd, AWZhh»bIEREFENE LD L L0
W, XHORA K RHERE A 1 = X L ORI & b O
VABBDBNTND, ZD72DIIIARHAEO KGO IR
BB NE O A - IR IOMENHEETH D, ik
TR X BRI K BE TR TND, HE X
O IEWIEBEIC BT 2 B Zt & LT, Stock 5 i
Cornell Storage Ring (CHESS) (2% T, 22keV OHE X
WA WS aE CT 12 X 29597 2 AN R O#ig
EREM A BREIT 5 TV VE 22 RN B G i %
(ESRF) (ZF W\ CH[EIFISE S /2@ T L ¥ —H @ X #ic
&% 3 %7C XRD Wf#eiE: (3DXRDMicroscope method)
ZF T, Poulsen % Jensen & 2SSk OIEIR - FFiaRe
RO B A O RS EE R 2 217, 2 OIS

il

REGOFHMEE LT FE LT3, Toda 5I3EX
WMYA 70 bESTT4IZKD, AEEOYyTIvay
F— & —D 3 JOCBER AT, ZAOBIR R % 20
BRI OREM G DR 3 KT AT P A4 > T
W5, HARO KBRS HERR TH % SPring-8 Tik, #if
H S DRFkIES 925 IEH DB - SigiavE & s s
U TR IR = e s DIs 11+ OF AROWM 25 A
MWEET>T0D, F2, EFLIE, &Pk~ 4 20 CT
EHOWT, HKWEZFEOKRE AT LI =Y 2464
(¢7mm) DOWELEYT 2 HZOMUL AT > T30 Zh5
OFEIRIINIZEE, FIZXBAZB LTV TILI =T A
AFITH L TITDI T B A, SR OV TiE, 1]
B, RISk AER e A v e L ST T 4 BV
M RiE B 2 7 L 2D T Ly 7 4 v 25 2 20
22 (MIEM I~ 0.3 x 0.3mm?) 2% 592Dk,

T 2B S 20 4511 F 11 H  Received Nov. 11, 2008  ©2009 The Society of Materials Science, Japan

* E 2 8 JERILERELES 70908507 At i2AEM, Dept. of Mech. Eng., Kitami Inst. of Tech., Kouen-cho, Kitami, 090-8507

* % E 28 27V UITA M-V AW T679-5148 Sl B AR FM] , SPring-8 Service Co., Ltd., Sayo-gun, Hyogo, 679-5148

* k% () BRI v 2 —  T679-5148 LI AT A FAM] , JASRI, Sayo-gun, Hyogo, 679-5148

% %k % E 28 (h)EARFETFDRMEERE  T679-5148  LLHiILE AR HINT, JAEA, Sayo-gun, Hyogo, 679-5148

% % % k% E 2 8B #FiERFEE AR T950-2181  Hrifii Iu+/# 2 DM] | Dept. of Tech. and Living Sci., Niigata Univ., Igarashi-2-no-cho,
Niigata, 950-2181

k ok ok ok ok ok LR TSERFEREPHEN S 27 2 1228 T090-8507 AL AN, Dept. of Mech. Eng., Kitami Inst. of Tech., Kouen-cho, Kitami, 090-8507



WA X B % 72 CT IS K 2 Uil & Zoiist & 2ok Eo0dA~v v BV 597

FREHEHL G X A O 22 B & o gl BlER L O
FADEREEMIE SEFIZH X T B2, HERS
ELTTIA Iy AAERNEOTEORE B Z W, 5
B AT R D HE )~ D K & 2o RN FH A3 Ay &
NTWBR, ZOHEE . LB IILE—D X AN
L5

—J, FHELIIAGXHERWZOTA - e
B 5074 T> T, AEXHICKE T LF -4
BRATIRAGE D, TRGHMAN, Bt 2l & & O RREER 23 200
OERIR AL CE 5. £72, AU HAEM-R
75 B A8 A T 18 O IR R I BT R B V2B 9 A I R A3 Il RE LS
BoNBREAH S, ZhZk-T, BIMEEIZET
2 S TR DS & 7 RLARTTFVE DT R0 2 D% 75
EI T 2GR N TR 0EESIZThET
12, SPring-8 I2BW\W TR o6hs BTt LEF—HEaX#E
T, SR ONER O A % I7E 5 5 7280 D IEHER)
Bt &7 720 D Z2OfRER, S L E—-[E X,
FME X B CIIREE S8 mm L NLOE S F TRATE,
P BT R EE 0D R RE A & BRI A TR Ok B
100um * — & —fHk OO AMENTTHER Z &b A >
7z, X BT, AGXHREHWZNEREIE PR & 2T
FHEOOF AT BT B 19 Db nd | )7
EBAL-RE (EX smm) 267 3EHAKAS
EIE SIS A FO T, CCD # A F12 X AR = 2405
WA RXA—=D Yl ERERHEIC AT NGO A
D 2RI~ v EV T &N, ZOHMMEERGT L7219
A ClE, KAV HEd SPring-8 DILHY — 45
4 ¥ BL28B2 128\ C, HAEG X #A W THEIIAE O &
D CTIC kgL, VMO OT A5 MmMME
O 51T 572, SR ICI3EY LA BA L7 PATE
(1% 5mm) 24§ 2 s RaERR (ARARA S
R ER Wz, ER S OTFkESEID, BRI
RO BN AP IRETHB X HIZX S CT 2nlfE L ¢
DEE AR L 72, CT TEIZ & M BHNED & 245 fi
&, BRENHEPEIZAANT 5 EF HE LS TANE O AD
2LV vy BV Ths | miEOBRAERE L7z,

2 X B F &

2.1 HBRE

FRBR T AR & U CrE R E KA Sk T8 WEL-
TEN780E (JIS G3128 SHY685) #ffiffl L7z, FlBRH 13/E &
16mm DFELEHHR A 510 U, gkl K 0 E s 5mm D
ATER (R &K 20mm) %43 2 A ERER R (B
E 117mm) 1ZEIE L7z, SPATERp S o A YIRS
K0IE 0.23mm, WX 0.37mm D/ v FIMLEELZ, —
HOMTAH, 73 V33K 540°CT 1 KR O %
BB NGER L Z L AT TS, ZOMBOY v &
12 200GPa, K7V V3029 THh B, 7, BRIGH
13 779MPa TH 5. Bz Lk, Eift SERVOPULSER #
T, SEHS R 2940N, faf EE4RIE 2940N (I 15k
R =0), BAAFEH &L TR 300MPa % 20Hz OJEHH
(sin J4IE) CTEM L, #K LA 278965 [AIC /v FIK
25 HFENZHY > C Imm 5909557 F 4 AZA L 7z,

2-2 CTICLPEFHFERONIBPEBRADEE
ARFEERTIIRI GG itidé SPring-8 DL Y — 4 7 A4
v BL28B2 #FIH L7z, iBiH % Fig. 1123 4/MV5[E
FRBRIE I RNE L 72, ZOXEISEER IZ G IR A & A 1

e

Cylinder &
‘of acrylic ®

Fig.1 Compact tension equipment for CT and internal
strain measurement using synchrotron white X-ray.
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Fig. 2 Experimental setup of strain mapping using
high energy white X-ray at BL28B2 in SPring-8.
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Fig. 3 Setup of specimen for strain measurement and
schematic diagram of gauge volume using
transmission diffracted X-ray.
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Fig. 5 CT image of the fatigue crack at X-Y section (Z = 0).
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Fig. 7 Diffraction profile of specimen using white X-ray.
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Fig. 9 Strain g, distribution of o-Fe321 plane superimposed
upon the CT image in the X-Y section at Z = 0.
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