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(a)

Fig. 1-2 Experimental apparatus of conventionabicmethod. (a) X-ray exposure device (Rigaku

RINT). (b) Imaging plate (IP) reader (Rigaku R-Axis
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OT B % Ffo T D LD EIHTA &, BOT Halk2 b 0 k& LTFKT &, Bragg
DRI Ry L

Ad
A9, = ——-tan6, (2-3)
EHV, Ay = 0, — 0,72DT

Ad
0, =6, — d—“taneo (0 < a < 2m) (2-4)

a

L2 %. 1212 Ldg 13a i M OEOT BB OB HFER, AdlZO0TARICEV5IEREISh
T T HFROZTH D, aFflMOOT Aide, = Ady ~d, TRENDHDT, RN LEHT
% &

0y — O,

fa = tanf, 2-5)
NEEHIND. 2222 RAT 5 &
1 _1(Rq
90 ) <Tl’ —tan?! (ﬁ)) (2—6)
Eq =
tand,

PIFOND. G FBEERITH D20, IP LIZEESIIZBEHTER BG LR, &, &K D
TZABHIEHE D 20D, OFBNGFIRTE D 2 L5,
WICOT BN BISINTHE T 2 5ETH L0, FHFRO G MREZ [ny, ny, ny)& T2 &
n,; = cosnsinyycosP, — sinncosyp,cos®,cosa — sinnsind,sina
n, = cosnsinyysin®@, — sinncosy,sindycosa + sinncosPysina 2-7)
nz = cosncosy, + sinnsinyycosa

PE L, HEST RO O he L B ABOT Ry D0y, 1y ng] 5 De ik E 72 5.

Ex  Yxy Vaz
=M1 nN2 [Vyx &y Vyzl [ l (2-8)
Vzx yzy
ZZCEENFINCEEEZRE (P, =0)T D E L, £2 X TOISHREIL, X BRORAE

DK 10um FBRE LW, ilzﬁﬁi\j]%ﬁ&(yxz =0, Vyz = 0,¥2x =0, Yzy = 0, Yxy = Vyx)k{}i
ELTRATS &
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g = Ni&x + N3ey + nie, + 201N,V (2-9)

L 720 coik D HAE

@ = (e ) F g er))  (0SasD) -10)

WCRALT, BET 5L

a; = —sin2n sin2y, cosa(e, — &,) (2-11)
PREbND. ZZTHERIPRETOOT A LIS OREGEAL, kATEREND.
(L _v _Y
£, | E 1E E| o,
v v
=|-- - _Z 2-12
2 &
v 1
"E E E

72lZL, EZY 73, vidRT VU HThD. ele,aRDD &

1
x = T -
& =% (0, — voy)

(2-13)

&, = —%(ax + ay)

BEL, X(2-11)fRAT D &
a, =— d+v) sin2n sin2iy, cosa g, (2-14)

DIEHID. K(2-14)L 0, coszHHMICE Y a, ZHEC 7 1 v 95 &, EREIHRAEK Y S5
ZEmD, ETOEMOMBEEda, /dcosar D L

E 1
1 + vsin2n sin2y,

Jda, ]
dcosa

o, = (2-15)

70, 2O LTH—-AKORPTEEND, X SESSICET 5 x#HH ORI TH Do h3 R
oD ENHIT LS. OF Ve, BN comA &Y, Fig. 23D K HIZTT T
(CoIAREN ZERE L, M OME M ERKD 5 Z LT, kRUT L VIS HEFHFE T Z L3 AlhE
Ths.

E 1
- . , [M
1 + vsin2n sin2y,

7245 com D HERER(2-10)E, (2-6)% R A L TR 5 &

g, =

(2-16)
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[l (55 o™ (52}
(2-17)

0= 4tand,,
R -
fan (55) - (55

ERDZEMBEITERDR, E D Ha A L, comn & ORfRZE LIRAUTH /N 2 FaTA L,

ZOAF M EROK2-16 AT HZ & T, G Mlo, #FHTE 5. 72721 D IX3IERH
ETDHMENDY, RJAT X MRHFLELAEEL L TWDHZ LICEERLETHD.

y=MX
&
1
>—
0.0 0.2 0.4 0.6 0.8 1.0
X =cos

Fig. 2-3 Theoretical cosdiagram.

2.3. coEITE L= X #8I5 BIEEBE DR
A D X 9 2B E AR LT, XBIZ X DI DHE Z@HE(LT 2729, REFZETIE IP 2
cosiEITiE L7z X MUt DR EEBE O ZIT 72, LT CIdZ o 2777,
TEEOBRICS =0, UTOX )R BEERE L.

(L) X B, IP, IPY—X%—RKILL X BOBEE, HEEHCmrERmE %25 — 2T

EH X907 5.
(2) IP Z B TRt L, BIHTERD DS & B TR 5.
@) IPE, XBEHMETHDL 2V A—X LOWRY HTEEZED, AW ha=27 Al

L~ T, HWEZ L OEPTERO P ERE 2 A EIZT 5.

4) o, DRTEREFEIL, £25MPallN & 1 5.
DTIE, IP OFAHL, T MHEEZMETHHVIRED LW IMEEEN LT, EEN
AUZE VB IRLMEERZ T 5. 12720 IPOALE%

-
—

(AN P Y — 2 2 TR A T
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BEL-EERBRALELTH L, ZOEBOTFT—2E2ITH 2 LIZREE R 7-0
WTIPZBE SERITIEROFTE L, TOEBOT —21{b% LT 5.

@)TlE, IPOHFLNZERY T lea) A—2%ihl LTIPZFEHSSE, o =7 A7 —
CHEFESE D Z LT, Fig. 2-4b)D X 9

[ SR IR [P

____________________

___________________

(b)

T 4 A7 (CDYD L 5 \TIRFERIZFE A H L &2AT

Scan lin
Profile

Fig. 2-4 Comparison of scanning method. (a) XY kean (conventional). (b) Spiral scan (present

study).

)T, IP DIEHEFLMLIE L 2 Y A—F OHFLLEDNEL < 72D KD ITHERTEEZITVL,
MONIPEZBESEL72DD) =T AT =%, @RBEOLOEZHNT, AW ha=27 2l
BN TEHEERT 5.
@) TIE, sin*PiEICHEDS< X BUSHTEEFERHELL TWD, 7= T A FR(a#k) DSk
MEIOBRIEICEHEAE X, 7 JIS-B2711(2013IB6) ilfi > MEOT ZREE D #E ISR DBy
RIZOWTISHRIEZATVY, 225MPall FTh o Z L 2fEgid+ 2] AR L T5.

X #EIZIL Table 2-10 6 D& H L, —fi%f7e Cr-Kofi(5.4keV)E aFe(211)2 & 2 a4 %
R+ 5z Eic L.

IPIXERE 60mmIZ » b L, H.OLIZRZ ST, WE 1.0mmo RS2 HIR9 5 Ho
AV A—FERE L. 2V A—FEZBLTCCr¥—75y MO ORHE X B2 5 RHT RS L,
aFe(211y>5 o EIEE % IP ICFET 5. Cr-Kofic & 2 EIITIE, 26, = 156.4° fFiric A
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L7, 1P Off F rTRERLFH (B 8~60mmYD, EAHOEE 3dmmIZEIFTERNE SN D X
5, BN IP £ TOMMECLT, RBHERED & 9 5)% 39mm & L, X AN &y, = 30°
ERRE LT, 6% % Fig. 2-5127-7.

IP U — &%, HERIEIP ~DOFIEIC He-Ne L — W23 A< VBT E 20, HEED /Y
EDT=8 635nmD 8K L — 2 v, L—HFH )T 12mW & L, ZRFITITEREE
& RIBRICOETE 71915 PMT (photomultiplier tube} iV 7=, JepfhkkE % Table 2-2 Je:7
v 7 M % Fig. 2-6127R7.

Table 2-1 Specification of the X-ray tube.

Characteristic X-ray Cr
Maximum power (W) 50
Cooling method Alr
Size (mm) @40x200
Weight (kg) 1.0

Imaging plate(® 60mm)

Incident X-ray
Collimator

Diffraction ring

1y = 30° (L e

e

Specimen

Vi D=39mm

Fig. 2-5 Experimental arrangement for the X-ragstrmeasurement using the imaging plate.
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Table 2-2 Specification of the imaging plate reader

Laser type Semiconductor laser
Wavelength (nm) 635
Laser power (mW) 12
Object Lens (numerical aperture) 0.45
Detector Photomultiplier tube (PMT)

Personal
Spindle Computer
+
Linear A
Stage UsSB
2ch .Stage
Driver
Dichroic \ 4
BS
Cut—off i UsSB
filter l Expander Controller
Lens C : >
" | Pinhole
. G , GEEED
: : 1
Laser AD
635nm Laser [&— Driver CEEE
PMT

T

Fig. 2-6 Optical block diagram of the imaging pléte) reader.

PMT (i b =2 28 H10710-210% V7=, H107101%, = ko — L& (R EIE)
EEZHZEIZEY, FBEE2HZ ERAEETH Y, EOFM%E Fig. 2-7 IZ77. PMT
AR, 74 b DT FDTEDDOTNA ZATHDLN, 74 bR —EL LS IIE R
EOZNFEFE L THAMETHD. TO-Hary ha— L EEE 0.53V E{KOIZERE L,
Tx MAT Y MIRBIRNE D ITHW.
WA RHRIC LB 7o R IEED 2 5k 5 HIETH 5, X O A—2 %@L T
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LED Y& MRH L, DB 2 7 2 H\ Fig. 2-8127 1 X 912, ZARIEEIT > TOBE 2k
HEEAET 2 & Lie. REHEEA 225 L, WA TITRE SN LED B v s &
NALENED Y, EHEBEORENR FEETH 5.

d al

e ?‘ j F—é=

Gain

0.5 0.6 0T 08 05 10 11 1.2
Control voltage (V)
Fig. 2-7 Photomultiplier tube (PMT) gain specificat

Position(1) Position) Position3)

Fig. 2-8 Principle of triangulation for determinidgstance of the sample position.
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24. FPRTHELEEE

PLEORBRGHIESE, R LIEEEO L T r v 7 K% Fig. 2-9107R7. ¥
DR E 1% 36cmx 16cmx 10cm CHE & 4.3kg  HIERF O i KIHETE /113 85W Th - 7=,

Fig. 2-9 X-ray stress measurement apparatus usegraging plate (IP) that was prototyped in this
study. (a) Appearance of the equipment. (b) Blaekjihm of the device.
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BRI 72 [T OB ERRNE 30 C, IPOFHARH L L EH T, —EoSHHEICET 5
BEEIE 75 BPREECd 5. Fig. 2-5DNFRICE Y, BI%E L7z 2EE Cf b= BB o6l %
Fig. 2-101Z777".

20
radius (mm) 2 40

(b)

Fig. 2-10 Diffraction ring for thetFe powder recorded with an imaging plate (IP).
(a) Diffraction intensity curves. (b) Captured oea
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25. ZEOFHEICEIT SR

251 #EMEAEEY

B L7238 O BEREEZTT 9 ITBE L, aFe:999%k ik 5~10um ¥R (5 #iE (L 2 hT
Fepr i) & 7z,

IS DRIESA: % Table 2-3l7R T . RBFEERDOT B BISINTHF T 2 X BRI E

oL, PEEF RIS K D B — 7 MLE R E FIEE, XSGR E RIS b o2 v
7.

Table 2-3 Measurement conditions.

Tube voltage (kV) 30
Tube current (mA) 1.0
Exposure time (sec) 30
Incident angley, (deg) 30
Diameter of collimator (mm) 1.0
X-ray erastic constang/(1+v) (MPa) 1.75 %X 10°
Determination method of peak angle Half-value brieadéthod
Sample distancd) (mm) 39.0
26, (deg) 156.4
Stress calculation method The cost method

25.2. HHEHOAERE
S JE 24T 9 AN B U723 E o ERGE S L C, BBHERED 2 &4 5 =Ml E 0 H|

TEREEIZOWTHFELTZ. AR, HO0CORAT =V H0AE X 7ICHRE Sz LED
HBOE 7 ENAAIEEZFE L TBRERHD. %zéﬁfwéﬁ%%ngauvﬁﬁ
AT = AWV 0.AmMmEIE TREI S - & X, I A TR Sz LED BB O v 7 AL

&% Fig. 2-12{277 3. REHERENZ DD &, B A T Sz LED Bifg O v 7 £
DETHZENRTEND. 8%, BEAT—Y RICEBL2E X, 57U D=39mm
ERDEDITHE L, AT —T% 0.0lmmIE| AT ETFEET. 20L& & =AHlETHIE
L7=D%, AT —VOBEEDriZR L T7 ey b LIEMRER, Fig. 2-13%157-.
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Stage driver

Camer: ~ Wy Camera
N

image

40C

300 -

200 -

100 -

LED position (pixel)

0 T T T T
10.0 20.0 30.0 40.0 50.0 60.0
Sample distanc&) (mm)

Fig. 2-12 Relationship between CCD position ofitE® and distance of the sample and imaging

plate D).
39.06
©
2o 39.04 1
©
& 3002 -
O
TS 39.00 -
o ©
S 2 38098 -
» S
5.8  38.96 -
2 e
gg 38.94 -
‘G —
n 38.92 :

-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
Relative stage positio@r (mm)

Fig. 2-13 Measurement accuracy when moving theesftagn 39.00mm.
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772 URAZERIPAIY, 10FmIHEZMED K L -REOEEFEAETHDH. 2D & EDEDrOMFRIT

D =0.993 X Dr +38.999 (2-18)
Tholo. ELMEFHANT, BIEMD D KNERZEADriE 0.0156mme 72> 7-. Z Z TV
S5ODR(14) De, H kDD L

_ ( cos?26 - 2-19
e = \2R tand @-19)

D L, UTEOTHIRRETO IP EORIPFER O AR, VLT 232 ) 12 HED 4%,
RIZ IP & #UEHH O BEE(AGR TIX D ICHYS) TH 5. K(2-19)% ¥ D=39.000mmiZF\ T,
0.015mmDHIFEEFET, €, DIEMEZMEIZ KT LiE7E 0.038%: 725 . ZAUTEM L+o/hE<
T BRMERENMF LN ENZD.

253. IPYU—5DMHE

Fresnel-KirchhoffO [T EEGHICIE S <, RFEV I a2 L —H (Lo TH LN L —V D
S SICBIT A =LA77 7 A4 V% Fig. 2-1410R$. ARy A X3 2um TH 5 =
EDFR SN, IPORRKIREEE SHLD 25um KD b3/ &2 &R S vz,
WIZ IP 3D DOFEFE(PSLYE, 7 4 /v Z %4 LT PMTIZE D NLD M, DL EEICE#HE I
5 AR MR T D720, IP U — & B B & JEIR A < & TR 2R R % Fig. 2-15
RS 1y A 7RIS 63.64kHZMG DAy, ALEE THWZ IP Z[EHRSE 5 E— X D
 [EHEHY 2400rpm T Y 21— 278 500pprd 728, B 7 i KA KT 20kHZ & 722 0, fEAR1L
EFTH D 25 DRI A 2 D+ 53 72 AR BURHE S b Tz,

No name FBY O FBX O FOC O
POINT SPREAD FUNCTION - WV1 Y + X x

’5 /‘ T T

& 1/eA2 SPOT SIZE

— L Y 0.002035 i

&) X 0.002781

Z 0.75 1 .

-

[an)]

Q L i

&

= 0.5 .

L

> L B

H

H

S 0.25 ¢ |

[}

K | - -
O N 1 1 1 N2
-0.01 -0.005 0 0.005 0.01

POSITION (mm)

Fig. 2-14 Beam profile obtained by Fresnel-Kirctiméthod.
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CHI B/R  log HAG 1@ dE/ REF -34.9 dB -3.00855 dB
H3. 643835 kHz
.......... e e e K

Gain (dB)

IF BW 38 Hz FOLER @ dBm SWUP 23,54 sec
START 1@ Hz STOP  18@ kHz

Frequency (Hz)

Fig. 2-15 Frequency response to be converted ficoargric emission of the imaging plate to the

voltage.

254. IPOHRIDMEDRERE

EEOMR L, EENSELND TR T 7 AT, IP &R S5 E—Z OlalEs L
TP OEEEHFL)NEAE L 720, INSIOFHFRIC LT e X BRHSHIE & B2 D, 207D 1P
DIEEEF L E, X BHHEINLE 2D EAIC AR S 20, X BOBRMETHH Y A—F D
WE%E, ATFY (TODOMEIEDFY) Lo THETED XL, IP OEEEF.L
EX R EL GRS ED LI Lz, BYELIZIP L2l A—% % Fig. 2-1612777. {if
EORFETETH L0, MR ORFTERITEGR L X S EZFRAE T EME LT
BT, 6N 500HO T a7 7 A LD —IAMER,D, afficlbTHELL D
£912, a) A= O EEFESTH 2 L TXBHFE L IPORETLEERSED L,
X MBS E AT IP DR LE 72D 2 LD, SEEEREE LIS HHIE N T6E
72D P UM BAL TOMBN R LI TH 5 70, A OB H Fig. 2-174 8/E LW -,
ZOMERORRT, 2 A—2OWICH D, 2 OORIZE U 2E LiIAR, FWEEAT—Y
kY, 2V A2 DOMELZHETLHDTHS.
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Collimatot

Fig. 2-16 Collimator and imaging plate (IP).

_7

coimaor S
Spindle
i |

Fig. 2-17 Jig for adjusting the XY position of tbellimator.

FHEZAT o 7214, IP OHFIMLEOREREEIZ OV T, aFe DFEM Z A IP Olal#xu
Z 0 & L7cEHTER O FOALERIE 4, 1000 ik L7k R % Fig. 2-1812”3. £72, £D
KD XY FEFED v A b 7T L% Fig. 2-191C77 7. XY O A ~ 27T AOFEBEIF R T
ST, 95%DHIE S IP DEEEFLS 3um BAN & /e o7, 72 XY EBIEDO e A 75
D% EHAR TRl 5 &

X EHME p, =-0.86 um EAERFZE s, = 1.23
Y OFEME p, =-070 um FHERE s, = 0.99
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R0, RO LEN 0.8umMEEE A 7' v F LTV DA, K(2-15)E Table 2-30 5405 )i )
EaRkD D &

SR ME Ave,, = 1.6 MPa  EYE(RZE s, = 2.2 MPa
EWVOHRERERY, BFEDE25MPa LINZ 3 I2iifil- L TV D R &Gz, LLEDOFIEIC
kv, XBEFNLEZ IP OO EAESE, ZARRICTD 2kD5 2 & TshEdt
B D2 enmugele s, [FRRICHIE Y 7 by =7 LIS Y 7 b o =7 Z8UEL,
Rtz N URIEBAR X 2 T2 &, X BRBS & IP ~OEHFTER Ok, IP OFth,
T T 7 A VENT, 1P OEEE THRERICITON, SELEEZTTREL Lz, kDS
X & BR%E L7 2E@E O E Dt % Fig. 2-20127~7.

Y direction {xm)

X direction um)

Fig. 2-18 Center position accuracy of the diffrantrings for thexFe powder.

30 30

9% - 25

5 20 5 20

2 15 - 2 15
S e S

10 - h 10

5

0

4 2 0 2 4 4 2 0 2 4

Center position X (um) Center position Y (um)

Fig. 2-19 Histogram of X, Y position from Fig. 2-IBhe dashed line is the fitted result by Gaussian

function.
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Flow of the conventional method. Flow of this study method.

( ) 4 )

Set the sample Set the sample
\§ . J \ J

Get the distance of sample and imaging l
plate O) by manual. Get distance of sample and imaging

r plate D) by triangulation
I

X-ray exposure start
I X-ray exposure start
The multiple exposure in the powder I

changing thé diffraction ring so as not tg
overlag Imaging plate reading start

[
Determine the peak position from t

Move the imaging plate to the reader

profile
. I
Reading start Create cos diagram
I ]
Determine the center position Calculate the stress from the slope
]
4 3\

Erase of the imaging plate
Create a ring diffraction profile of the \ J
powder from the center position

Determine the center position from the
peak positiorof the profile

Specified within
error of
the center position

Create a ring diffraction profile of the
test piece from the center position

To determine the peak position from th
profile

D

Create cos diagram

Calculate the stress from the slope

4 N\

Erase of the imaging plate
. J

Fig. 2-20 Comparison of the study method and tmwentional method measuring flow.
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ARFETEBAFE LI2EREZ M, ERLOfHE RGN T4 28 B TIS I IE 23 T RE 7~ & 52
BRIZ KD RREE L7, E 7R OfED> S 130U AR T R AT el (2 CRRGE L 72

26. ZFEEAE

2.6.1. M

MOk & U CapilE (b A 78T la Fe: 9994 Sl kit 5~10um OFy K Fig. 2-21L )&
AR OB & LT, Mm% EH O REFEMPM & LT —BNIZEDAL TN D
SA5C(JIS GA50% MV 7=, (bL&pksytt % Table 2-4 B % Fig. 2-221~3. i 1A m
ORI IE, 7 T4 AMEEAY, ES 140mmaE 20mm¥E S 3mm (T L, ZO%kiE
1000 DIFEEAARIC CHFEE 21T - 7. BB & F » N LW 2 /eles L7 k5 % Fig. 2-23
IZRT. 72T4 b, N—=F4 MEGHMTH Y, FEERRIT 10umFRE L 2o TV D, B
FHEITIE, S SumBREOIN TEEEN B2 bz,

Fig. 2-21aFe powder.

Table 2-4 Specifications of S45C.

Chemical composition (wt.%)
C Si Mn P S
0.42~0.48 0.15-0.35 0.30~0.90 =0.030 =0.030

Fig. 2-22 Photograph of S45C test piece.
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Fig. 2-23 Microstructure of the S45C test piece.

26.2. BAIEEH

FBR T2 B O K FRGE E S & Table 2-Bl277 3. X MAE O K /113 50W TH 5 73,
B E PR E B 30KV, FER 1L.OmAD 30W & L, #EEHRRIZ 30 EREL. IP %
X SRS EICBE S, 2 A—2%2BL T X REREHCBE L, IPICEPBREZELL
7o, IP ZEHR S BB S HR20 5 A1 T HFRUTTRARY 2170 ir 5. 7m >
7 A NDE— 7 (ALEREEITIE, X S E AR O e ik & v,

Table 2-5 Measurement specifications.

X-ray tube voltage (kV) 30
X-ray tube current (mA) 1.0
Exposure time (sec) 30
X-ray incident angle, (deg) 30
Diameter of collimator (mm) @1.0
Determination method of peak angle Half-value brieadethod
Sample distance)) measurement method triangulation
26, (deg) 156.4
Stress calculation method The cost method

yARBEREIL, X BRIS I REIEAFR I RLH O X BREYsEPEE 2K

E
_ 5 2-20
— = 175x10° (MPa) (2-20)
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e, E72 SABCH DRIERFIE, & 572 U sd SA5CH % IV T X #ihis 7 E AR
HROFER D MU R BRI 2 sin®yYiE () U 27 HEUS I RELLE MSF-3M)TTTVY, O 2
TV L OB D X BRAYFEVEE 2 R b 7o R

E
—— =198 x 10° 2-21
Y 1.98 x 10> (MPa) ( )

S AL SASCH ORERRZIE, ZOMEE AW, 72770, OFTHRT — VN SIEHIcHiE 4
DX 7RT, BETEONREETH 5 206GPaz ] L 7-.

PO 5 R AT RBREE L, X USRI SN TV D b O L RIFEOHEED b O
ZEFE L, 0T AT — I3 E R KFG-2-120-C1-11L30C2R{ — ¥ = 2.09+1.0%)- ,
OT BT =V Of AR ITIEFR U < B ¥R SME-30A 2/ L7-. &KX % Fig. 2-24
DU 5 i B BRI T DR S 2 Fig. 2-251077.

Fig. 2-24 Experimental set-up using the four-pobe#ading machine.
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94

140 10

Fig. 2-25 Structure of the four-points bending maeh

2.7. EERRIREE

AWFZETHATE L7 3EE 2 AV, #0 IR URE & Ui F AR e Ty, 2EBELZ L
FLE LR TRIE D AT REME DRREEZ 1T > 72

271 #BYBRLBHRMEOHER

BANEEB O K LB OMER A, MR L s ih FAmrRBEE I v b Lz S45C
Mz, FEET 5 BT S0MPafefE O 2 2 ), 100 Bl & LIS 1RIE 21T - 72 fE R %
Fig. 2-26127R 3. 0 LIEIE L7-fS S0, EECORRIC L 2 M2 iz 23 on
5

MARTIX, F¥IG ) E= —2 MPa {E¥(F 7 = 2.5 MPa

SA5CH TIx, WIS = —220 MPa #Z¥E{F 7 = 3.0 MPa

Elp otz WEREIC X 23R ER A2 T 3.0 MPaLL N & 722 0, TEROTTIREEE & D
ROERDBE BT
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(a) 20

ot SRS

o, by X-ray (MPa)
o

)
_10_
-20 1 I 1 I
0 20 40 60 80 100
Repeat count
(b) -200
$ 210 - o o
=
o IR S5
g 220 ST TP o
2 230 - O
b)<
'240 T T T T
0 20 40 60 80 100

Repeat count
Fig. 2-26 Measurement error of repeated X-ray stnesasurements at distance 39mm of sample and

imaging plate. (al(Fe powder. (b) S45C test piece

Wi, AEHEEEC X 2355 MR 5 HIOT, ABHERE D 242 TRIEARTTo72. K
ZRAWD 2#E 2T, IPIZEXSNEIER% Fig. 2-2712777. 72721, D OZ{LIZIGE LT
HMEEIC L VRENEDLD, V7 by =7 THRRIELTHOERRLTEY, BEHTERA LI
FRO CLIE, ZAMEIZ TR LMD TH 5. D OZ(LIZIS U TEHTERORE &
WAL TEY, D =29~49mmD I CTHIUZ, FHFERIL IPICELSHD Z ENATHERS.

CL=39.002[mm] €L=44.001[mm] CL=49.002[mm]

€L=29.003[mm] E CL=22.998[mm] i |

Fig. 2-27 Diffraction rings obtained from tl-e powder for different distance of the sample and

imaging plate.
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ik & S45CH A vy, D 22 2 T ) & lE Lok R % Fig. 2-2812" 3. 7272 LidAi
PHIZ, 100[EHIE L7z fi KMl & B/METH 5.

VR LIS K R RHIERR 1T, MR, SA5CH LI G o+15MPa LINICILE v,
FBHIEREAS 29~49mMm & JRWVERE~— Y &2 F LoD, HIEO+£25MPall & 432724
FERBMF DNz

PLEIZEDY, #oik UHPEREICE LU CIIekEE L [RSEMHETHh o Z & s L7z,

20
15
10 -

5 -

0 -
5
-10 -
-15 -

_20 T T T T T T T T T T T
27 29 31 33 35 37 39 41 43 45 47 49 51
Sample distanc®& (mm)

(a

A —

o, by X-ray (MPa)

-200
-205 -
-210 -
-215 -
-220 -
-225 -
-230 -
-235 -

_240 T T T T T T T T T T T
27 29 31 33 35 37 39 41 43 45 47 49 51
Sample distanc& (mm)

(b

N

o, by X-ray (MPa)

Fig. 2-28 Measurement error of repeated X-ray stnesasurements for the different distance of the

sample and imaging platB). (a)aFe Powder. (b) S45C test piece.
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= —1.01 0, — 282 (MPa) (2-22)
k&ot.@%@ﬁ%#ﬁ%bfwé@u,Ufﬁﬁ—?kx%mﬁ@wiﬁﬁﬁﬁ®%
KK THDZEICERL, 7%y MISM OYEIREICIELESE 260, sin®YpiEz ]
WTHEA T OMRRETHIE L TH—-283MPat 72> 72D T, HFRITKDETITRWD & 2R
L7z, LLEORER, OFHRF—v L% L2 5EE CRIE LS MEOE & 43, 999 |¢—
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Fig. 2-29 Relationship between X-ray stress measené using cas method and the strain gauge

measurement results.
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3.1. #

il

B 2 T TIE IPO~O% 7z coiEMNT L B X MU HlES @Y% X REekE & 1P Y
— R — KL, U A—FEEZ A D ba=7 ZHETHZ LT, 1ED X S TR
DREFRETH D Z L& L7c. L L, comiElT £ DG I1HIE I i 72 5o 70 &AL
o THEHT, U LHREREMSTHEL TWD &IERS 20

ZFZCAETIE, BEEOSHEMNEZER LD, F5RIFICHEVT 100 [FEIOM Y i L
EEITV, WEDOLREMEE WD REND comiBI Rl FFOENEZI T/, &5 1[E
ORET, IS OMEREZHETE T D HIEBBERL, MALA T2 72O THOETHET 5.

32. EEBEORERERH

AL CHIFE L7235 E C, ZEMNARE/R /X T A — X X Table 3-10i# 1 TH 5.

Table 3-1 Configurable parameters of the equipment.

parameters variable
X-ray tube voltageyt (kV) 15~30
X-ray tube currentCt (mA) 0.2~1.0
Exposure time (sec) £120
Diameter of the colimatotCp (mm) 0.3~2.0
Sample distancé) (mm) 29~49
Photomultiplier tube (PMT) gain control voltage (V) 0.5~0.6
Reading pitch ifm) 20~100
Rotation speed (rpm) 12662400
Laser power (mW) 612
Determination method of peak angle 5 types

Z T NRNT A—=ZIZOWTHT 5. £9 X BOBEICERT AT A =2 1L
<

X-ray tube voltage ¢ X # &5 7= OE T 2 MET HEETH 5D, AHFIECTHZE L%k

BOXMEL, =7y M CranwTWnWabi=w, Bt X #2155 7-9121% 6kV UL ER
WETHAH.
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X-ray tube current % —%" >y MITERMETH Y, X BFOTREDHENFIRETH 5.
Exposure time IP IC[EIHTBR 2 BT 5720, BN X #ia AT 5 TH 5.
Diameter of the collimatar@lEt~D X #ORS A HIRT 52 Z L2 AL Liza ) A—X
ThHY, ROERETHS.
Sample distance IP Lk £ CTOERETH 5.

RIZIP Y =FHBICBERT T A—=Z L LT
PMT gain control voltage IP @ PSL¥2 O EBIEICART 5, HEFHEE OFEEZRD 5
bLOTHD(Fig. 2-7) ZOFBEENSELZ L TIP Y —FOFRBUREELER D Z &V
HRETHD.
Reading pitch IP DA /3A ZLEEIRODED B F(Fig. 2-4(0))TH 5. 7272 LEEE DTSR D
P 1, D & IP OB K o THIE M B EREN £ 5 DT, Fig. 3-11Z D = 39mmikF D

IP O FEIBCK B & £ FE SR AE D

%

0.16 Reading pitch
0'14 Trse- S == 100um7
012 - T~ Ave(0.121deg)
. = - 50um,
©0.10 - - Ave(0.060deg)
. 0 | === 40um,
5 0.08 1 Ave(0.048deg)
Q@ 0.06 bmmemee | eeee 25um,
______________ Ave(0.030deg)
004 ST s 20um,
0.02 | ....-...-.........-................:...........‘.::.o...o... Ave(0024deg)
0.00 T T T T

15 20 25
Radius value of the imaging plate (mm)

30

Fig. 3-1 Calculated angular resolutions by eacHinggpitch.

Rotation speed IP ZeHis D IP DR TH 5.
Laser power. IP FERFD i L —VIRETH 5.

RN SRAEICBAR T 2T A =& & LT
Determination method of peak angl§E 5 7= 7" 2 7 7 f LB E— I (B EZRET HT2HD
FIETHY, X BUSHPEEEETED HALTOW L HAMEF RESEY T 7 7 A LD E—
7 RED 1R BEDORHrA DT HZ, KODHNEE—IAE LT HREHEITMA, RDOT 4
YT 4 TIELEDE Tk
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T4 T 47O E LT Gaussiifi

2
1;(20) =% /@exp [—4111(2) (@) l (3-1)

2L, JIIBIRE, 20,3 — 7 (I, BITEMIETHD.

Lorentz gh#5
2] B

B 4(20 — 26,,)% + B2 (3-2)

I,(26) =

IHIT, ZNHLERALE
18] Voigt(pseudeVoigth

1,(26) = nl(20) + (1 —n)1,(26) (3-3)
7272 L, ni Gauss¥#/~7.

Mz THMRBIBATL T HITY, ThbDT7 4 v T 4 7S AR LR SIS HHE

T o7,

33. AEREZHTETSIFE

X BUGE T EEFE T, SO XM T 1 7 7 A VORKRBENO NNy 7 7T 7 R

RN B — 73R Ip 23, —ELL LICRDIEEED TNDH, AWZETHIE LIZIEE TS

[FRRICHRER & 72 D B A AT o7, X M7 7 7 A VDEHR%E Fig. 3-21Z77. 72720,

FWHM CEfitg) 13, B — 27 MED 125EOREDILNY THD. S%IEORE & R

(2 Ip bR, 100[EDRIE DL ENE & i LIRGET 21T - 72,

S
8
P
a T FW Peak intensityip
]
£
_\_\_\_\_\_\h&_\;—‘
| Background |
’ | ’ |
1724 1567 1437

Diffraction angle (deg.)
Fig. 3-2 Definition of the peak intensity.
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F 72 X BUS P EEERETIE, sin?PpfR KO ERGTEIERZED O REEOEEE 2 E#H L T
W5, [FRRICAERE CTERALTCWD comiETh, EFTERAZENMEHEE & L TOEKRE £
OPRFTZAT o7, 72721 comiE TH B AL DMK, sin® YRR & 1T DRHER & 5 DT,
ZZTHAT%.

COmED MR TH BB, KalliBl baytas LT 5 &

tro= (e ) eam )} (05as]) (34

TRIND. EHEXICo=m22 AT S &

1
ay nj2 = E{(En/z - 53n/2) + (E—n/z - Sn/z)} (3-5)

ETIRD. E3q)2 = Egpp/RDT, A=TU2D & E LT

1 nj2 =0 (3-6)
L7, cos(m/2) =0 TH D72 coSBRKUTUI T AT 0 &7 % . DE D ay /8D RIS
BNT, A Thay JSRENTHR ISP TE B2, DE Y a, (DD
IS TIDOERZFFOT2 0, coBRX O EAREIL, IS OBRERE L HBENGH L Z EnB b
%, ARRFFECEI% L7-3EE T, IPORERT—X DT a—Z 3 500pprTdh s 2 &nb,
[B]85 7 1Al (a7 ) 500ME D 7' v 7 7 A L35G B L, cofiXiZa=m2% k< & 12580 b
End. 82 mTHWE, BERO comfiX % Fig. 3-31277. MYV LIZARS2S, cox
HEida, (DFRIZBW TR OBEREZFEOI2D, 37T ORI EAAE LIS T O P E R E
<, ERTEIUZERD D ORRENKE <UL, ISHOMERBEMENEZEZ bR
H. & ZTAMIFETIE, ERTELLTZER & Fay o & ORREOIEERAEZ T LREL, £
NZEICOWERE L L TZY ThINEREIToT.
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Fig. 3-3 Calculated cosdiagram from the diffraction ring farFe powder.
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O confRIX N B U 0 TEMIBLZAEE M & Lzl &, Fa; JIBITDERM
& DIREDERAERZE AM 13

T 32
125 a, s —M cos(i * 250)} (3-7)

TERIND. FE?‘J@ ’%r ERERAE LR T Ao, EEERT D &
Ao, = ! [AM] (3-8)

1 +vsm2nsm21,l)0
DIFHAILD. ZOEIZOWTHISTHED 7= NTR D, S%MERREZ TIROEEICR D
Vo =0y, (tAo,) MPa b £l 52 &IZ LT,

34. ZEEAZE

341, #EM

SRR D SMERRE ERELT 510572 0, MOP B L L CRIRO R 5 2 OB K (Fig.
3-4), IERER A & U CEVLEL 21T > 72 SCMA20HZ i ifHl L=t o &, FmfFiltz > =
v N == %17 o712 2 F(Fig. 3-5)¢ & LT-.

MOT Bkt e LT
Powder 1 : &L 70T o Fe: 9994 ki 5~10um DR
Powder 2 : &l B LA 72 Tl a Fe: 994 i ki e 3~5um O F K

ISARER A L LT

Stress test piece 1FHE % O SCM420HIZ 7 T A AMZIZ X 0 SFmfEl 217> 728 O.
SCM420HD AL Rk 5y e % Table 3-2127R7.

Stress test piece 2Stress test piecell > = v hE—=2 7 L7 H D.
va v hE—=27% Table 3-3D 5 Tir - 7=.

Ll bEo A OMHM 2 & LERZT -2,
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Fig. 3-5 (a) Stress test piece 1:SCM420H. (b) Strest piece 2:SCM420H after shot peening.

Table 3-2 Specifications of SCM420H.

Chemical composition specifications of SCM420H. (94)
C Si Mn P S Ni Cr Mo
0.18~0.23 0.15~0.35 0.66~0.90 <0.030 <0.030 <0.25 0:94L..20 0.15~0.2

Table 3-3 Shot peening conditions.

Shot material Size (mm) Hardness (HV) Air pressure 8y1P Coverage (%)
High-speed steel 0.05 766800 0.2 200

34.2. BlEEH
WML, 7= T A FRESIEI O X — b E Cr & Lz X BEERZ W, Bt L
72V R Y Table 3-42 7~ 3 54Tl TRIE 21T 7=
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Table 3-4 Measurement specifications.

Characteristic X-ray Cr
Incident angleo (deg) 30
X-ray tube voltageVt (kV) 30
X-ray tube currentCt (mA) 1.0
Exposure time (sec) 30
Diameter of the colimatoiCp (mm) 1.0
Sample distacd) (mm) 39
Photomultiplier tube gain control voltage (V) 0.53
Reading pitch{m) 50
Rotation speed (rpm) 2400
Excitation laser power (mW) 12
Determination method of peak angle Half-value brieadethod
X-ray erastic constanE/(1+v) (MPa) 1.75 % 10
260 (deq) 156.4
Stress calculation method The aomethod
Repeat (times) 100

ARETITHY B IC L DREMNORIEZED D Z EICHNZ I 720, X BREYFRIEERIE
X BUSPEFAFHEDME 2 Tl T, E 7245 2:0F T 100[a1§: 0 R LRIE 2170, #R Y IRLICK
% I TE R BE 22 SEBRIC &V e L 7.

3.5. SRERAYIREE

35.1. [EREROEGHER

AT ORER T ORIPTER 2R3 2 BT, X BEREBICHE L, Bl SzBEHERO
2D Eifg & 3D iR, a=0DFBIT LT r T 7 AL, BLO confRX % Fig. 3-61277 . 4 FlEH
DR & BB 22 BETER G DAL, confHOEMRELHROLNTNDR, Tr 77 AL
DIREE AR 72 E N R DGR Lo T, WESNIIEIE, ©— 7 @E, iz
LI R % Table 3-5127”7. MyRODJSEIZ OMPaffiir&720, vay bE—=27L
TEREBRAIX, JEME 1394AMPal KX i FAIS I B SN TV AR Eeo7. MR T
I, RIBEDS NS W & EAMRAN A< 72 V), conBRE D EMLTLFEREN K E D T & D
N, SIHICE—ZE LB, FL— RET7OBRRHLZ bR TEND.
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Fig. 3-6 Diffraction ring obtained by irradiating-Péy using 4 specimens.

(a) Powder 1. (b) Powder 2. (c) Stress test pie¢d)IStress test piece 2.
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Table 3-5 Measurement results of the stress usspedimens.

Specimens o (MPa) Peak intensitylp(a.u.) FWHM (deg.)

Powder 1 -4.5 (£4.7) 434 2.7

Powder 2 -12.9 (x61.6) 103 7.0
Stress test piece 1 -514.2 (£8.9) 346 3.8
Stress test piece 2 -1394.0 (£18.3) 223 5.5

352. #BYRLWHAEZT-=HKER

AFRFHORBA Z W, 0 R UIC L HHEREOMRZ B E LT, £ 24 100
VI LHIE 21T > TE LIS IME% Fig. 3-7127~79. Powder 204 0 iR USEE R EAL L T
WD, M OFER I B W TS ISk LT E25MPafEICIN & - TV 5. & 7= Powder
1DOIEHREREREE A N7 T A TERLIZONFig. 3-8& 72 5. IR O L CHL

s

M0 LHIE L2 IS M ORE R E 2 RS S LEFR L, Table 3-6(2)& 71 D {Ha,,

EROEERRED A, MkidE S ©— 7 5 Ip OFEME, H-flilE FWHM O fE
rE L.

,.\
L
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3-7 Repeatability of 100 times X-ray stressasw@ements using 4 specimens.

(a) Powder 1. (b) Powder 2. (c) Stress test pie¢d)IStress test piece 2.

48



18
16 -
14 -
12 -
10 -

Counts

-13-11-9 -7 5 -3 -1 1 3 5 7 9 11 13
o, by X-ray (MPa)

oON MO
1

Fig. 3-8 Histogram of stress measurement for poder

Table 3-6 Average of repeated 100 times.

Test specimens ¢ (MPa) St.devS(MPa) Peak.intlp(a.u.) FWHM (deg.)

Powder 1 2.8 (24.2) 2.8 434 2.62

Powder 2 -2.0 (£55.5) 31.2 103 6.95
Stress test piece 1 -506.4 (£10.1) 5.7 346 3.65
Stress test piece 2 -1394.7 (+19.9) 11.5 224 5.41

MORKEAZE & BRI ERAZZ I ITMHBE R R T e, MukiRzE, BERHTLERE, BE—7mE L o
FHEARAMR % Fig. 3-912 R 7. MERRE S & ERGITIRA 7251213 R?=0.9998 & W\ HBA 23 iER S 1,
MORERZED K Z W E — 7 BRE /NS VMEA A R T E NS,

5 60.0 500
- - 450 ~
5 500 - 400 3
oo I
= S R2=0.9998 . 350 ~
o> 40.0 A %
=) 300 > O Ao,
E 2 300 - L 250 2
x (1)
58 - 200 E O Ip
© T
55 100 - % - 100 2
] 8 - 50
= 0.0 : : : 0
0.0 10.0 20.0 30.0 40.0

Standard deviation of repeated measurem&{idPa)

Fig. 3-9 Relationship of repeated measurement,dimegar approximation error of cogliagram

(Aox) and peak intensityl§).
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(1) X B ERDE BT

(2) X BREER DB B

(3) X MRO MU FEHIR A HIRT 2 2 U A —F DFE.

(4) 1P & BBLE T HHE.
HIEIT Powder 1% VY, S50 AT LR OB %2 4 S8, 22 od R
T 100[E| DV i LIE 21TV, B — 7 J8EE Ip, HukFE7E S confit ¥ O BT PR A, D
HRB 2 MR L.

3.5.3.1. X HEDEELE

Table 3-7I2HEV X #pE OEEE 2R E LB 2R L. JEM R % Fig. 3-10127~ 7.

Table 3-7 Voltage settings of the X-ray tube.

X-ray tube voltage (kV) Exposure time (sec)
15, 20, 25, 30 26-120
(a) 1400
1200 - A
=]
& 1000 - O A ©15kV
(e}
= 800 - o A 020kv
g O
@ 600 - A O A25kV
E O O
x 4007 A O 030kV
o} <
o 200 - 8 a o ©
o <
0 . .
0 50 100 150

X-ray exposure time (sec.)
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(b) s
[0}
g "1 ©
o —~ i
0@ 6 o 15kV
B2 5 -
54 H D20k
g5 ¢ 4 &0 A25kV
35 3 N = VN
= 2 5 | OO  o3okv
1]
EE 1,
U) 0 1 I 1 I
0 100 200 300 400 500
Peak intensitylp (a. u.)
(c) 16

s _14-
£ @ o

Q12 -
°s O 15kV
S 10 -
gL O 020kV
EZ 8- O
= £ A@ A25kV
e — 6 4
Se @ 030KV
© S 4 -
c B
gs 2
_I O I 1 I 1

0 2 4 6 8 10

Standard deviation of repeated measurem&{idpPa)
Fig. 3-10 Transition of repeated measurement evh@n changing the X-ray tube voltage. (a)

Relationship between the exposure time and peaksity. (b) Relationship between the peak
intensity and standard deviation of repeated measemts. (c) Relationship between the standard

deviation of repeated measurements and linear gippation error of cos diagram.

@05, B E B — 7 mEICIIAmWAEZFE L TV D ZERRTEN, IP U —X
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Fig. 3-1UZRd. #tfhiL, BARH 60D L T —/METHDH. HEIEL ©— I HHE

2iE, WA OBMRD R Sz,

Ip = 426 X (Vt—11.8) (a.u.) (3-9)
72720, IFEEEKV)THS. oLV, EFEE 0KV KO —7lEZ 135 &,
EFEE 20kV T3 0.45 &L 40KV TIiX 1.551272%.
RN & — 7 5REE Ip, #EHhiC 100 Bl OMIKFERAE SZ IS & (b), HEEICIOTE—2 i
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MR ZE & EART A ZE OB ()Y, X MEOEBEOREICL LY, mWHEEZAL
TWDZENATEND.
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100 -

O T T T
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X-ray tube voltageyt (kV)

Peak intensitylp (a. u.)

Fig. 3-11 Transition of the peak intensity whenrajiag the X-ray tube voltage.

3.5.3.2. X MEDEER
BREIT L AERIZ, Table 3-8IZ7EWV X M OE BT 2 5% E LIRS 2 BRI X 0 s L 7.
R ERE R % Fig. 3-1212R~ 7.

Table 3-8 Output current settings of the X-ray tube

X-ray tube current (mA) Exposure time (sec)
0.2,0.4,0.6,0.8,1.0 20120
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(a) 1400
O A
—~ 1200 -
> = %0.2mA
& 1000 - o A O
o ©0.4mA
% 800 - A O 10
0.6mA
§ 600 - O % 00.6m
k= 8 1% A0.8mA
X 400 - o o x X
()
& 500 @ 2 % X 01.0mA
X
0 . :
0 50 100 150
X-ray exposure time (sec.)
(b) 8
§ 7 %0.2mA
- .2m
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o = |
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S 14
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5210 ©0.4mA
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S8 61
52 , | M A0.8MmA
© T
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£° 9
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Standard deviation of repeated measurem&tidPa)

Fig. 3-12 Transition of repeated measurement evh@n changing the X-ray tube current. (a)
Relationship between the exposure time and peaksity. (b) Relationship between the peak
intensity and standard deviation of repeated measemts. (c) Relationship between the standard

deviation of repeated measurements and linear gippation error of cos diagram.
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FEDZEAbZ Fig. 3-13(127~7. fithhlE, BCHFH 60O LD —/METH L. EHEIKL
v— 7 BREICIE, RAOBGRIHER ST,

Ip =926 x Ct (a.u.) (3-10)
72720, CtZEBIRMA)TH S, EBits B — 7T A2 0 DHAIRERICH Y, EE
JEAZLSETZ L & LITRRY, Bl ©— 7 MEITIERGI & 70D 2 LRI N

(D)5, BERICE O TEIEEZZLSH- & & LR, B — 7 SREICHuGREMEST L
E— 7 RENKE L 2D EGREIT/NES <R, —EU Lo v — 7 58 TR O
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Fig. 3-13 Transition of the peak intensity whenrafiag the X-ray tube current.

3.5.3.3. #AEHEEAfE

P2 D ek T CORBHEREZ AT L7z & &1, BT £ 2 X RO BELSIC X DI,
ST E DEERRFE RIE T B2 AT 2 HHT, Table 3-9IZHEBUBHEREA 45 % THE
Ba IR LR L., WERR % Fig. 3-14127- 7.
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Table 3-9 Setting conditions for distance of thegle and imaging platéy.

Xray tube voltage (kV) X-ray tube current (mA) D (mm)

Exposure time (sec)

30

1.0

29,39,49

559

—~
Q
~

(

Standard deviation of repeatec &

Peak intensitylp (a. u.)

measurement§ (MPa)

20 30

40 50 60

X-ray exposure time (sec.)

g4

BD@%‘%I:%D @ZD:E'@O

0 100

200

300 400

Peak intensitylp (a. u.)

55

500

A29mm

039mm

049mm

A29mm

039mm

O049mm



16 - A29mm
039mm

049mm

inear approximation error o ©,
cosn diagramAc, (MPa)

B

N

1

ONB~O O®
1

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Standard deviation of repeated measurem&tidPa)

Fig. 3-14 Transition of repeated measurement evh@n changing the setting distance of the sample

and imaging platel). (a) Relationship between the exposure time an#l paensity.

(b) Relationship between the peak intensity aadddrd deviation of repeated measurements.

(c) Relationship between the standard deviatioepéated measurements and linear approximation

error of cost diagram.

@06, REHEREA A 2 5 & v — 27 DT 2 B & ORTEIEIIHERF ST
W5, I CTHREHEHEA L X - & &0 — 7 iED A A Fig. 3-15177 9. fithllE, #
K[ 60 B DIRF D & — 7 BREE Tdo 5. BUBHIEHE & & — 7 BRI, RO BRI R S iz,

Ip = 10610 x e~0064XD (3 y.) (3-11)
AUBHIEE 2 28 2 2 & v — 7 SRS IR AR B SIc 8 b L, BUBHEERER 10 mmE< T2 & B —
7 BRI AN 5201 D T & ASHERR ST, T AR XRRAN B> 2 S R BRI L CIREE L,
INOZERIC L BB L BEIC LV = RERNEE LD LHEES LS.

(D)5, MEFAZEIFEHEREC X DT B — ZBEIKIF L, FERIC—ED Y — 7 MEELL
TR DR Tt T A A R T E N D.

O 5, MR L EHITPRAEITREHEREC L5 F, @V HEBEZA LT ZENA
TEns.
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Fig. 3-15 Transition of the peak intensity whenrajiag distance of the sample and imaging plate.

3534, 22U A—FDFE
BB, 2 A—FOREEZTBIC, BROBUVINILD X BOBEN, 55 OBKRE
\C 52 DA T D BT, Table 3-102HEVy, 22U A —X O %A 2 THER & 325k

L0 R L. WERRE Fig. 3-16107 .

Table 3-10 Setting conditions of the collimator.

X-ray tube voltage (kV) X-ray tube current (mAD (mm) Collimator (mm) Exposure time (sec)

30 1.0 39 03,0510 20 5120
(a) 700
__ 600 <<>>
;; 400 - <<>> OO A0.5mm
2300 O 5 AL 01.0mm
= 200 S oO N 2.0
= 1 ©2.0mm
0 O AEAI:SjjIﬂjjjjj] maay
g |
o | g |

0 20 40 60 80 100 120
X-ray exposure time (sec.)
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(b) 16

o 14 -

©

L _12 - 00.3mm
o ®©

=02 10 -

> A0.5mm
5@ %

E S 6 - 01.0mm
5 4 - A 2.0
232 2 R o2° % © P o
S9

c E O T T T T

g 0 100 200 300 400 500

Peak intensitylp (a. u.)

(C) 24

-va 22 A

5 20 -

E ©18 -

2 L6 - 00.3mm
S X144 -

g%lz | AO0.5mm
= E i

§ glg | 01.0mm
a9

o g -

f S 4 - ©2.0mm
< B

28 2]

3 0 T T T T T T T

01 2 3 456 7 I8 I9 IlO I11I12I13I 14 15
Standard deviation of repeated measurem&t{idPa)
Fig. 3-16 Transition of the repeated measurement @hen changing the diameter of the collimator,
Cp. (a) Relationship between the exposure time aa#l peensity. (b) Relationship between the
peak intensity and standard deviation of repeatedsorements. (c) Relationship between the

standard deviation of repeated measurements agat lapproximation error of cogliagram.
@0rH, 2V A—=2OROKRE ZIZLY B — 7 RENHEIT 2 0@ R & OfIEI

HMFFSNTWD., 22 TCal A—F0RE2EX T EEOE—VBEOHBE % Fig. 3-17107R
T ML, TR 2B — 7 METHS.
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Fig. 3-17 Transition of the peak intensity whenrajiag diameter of the collimator.

a) A= L v—rEICIE, RAOBRIHR I .
Ip =152 %x Cp*® (a.u) (3-12)
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T, MRIRERZE & EALTRREEOHEBEITEWRIR & o T

3.5.3.5. X MROMEEZ FIZE L7 FERRE R & B4
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3.5.4.

INE TOEBRICK

HEADEWC L HRER

Paran= =
BRI,

v, BEE, 8 Y IFH],

vV — 7 B CRERGAENR E D Z L R S T,
ZZTChHFrov—rmEORR 2 4 FEHORBRA ZHWT, FRETHINEFERIZLD
B a T o 7=,

HIE S % Table 3-1U2

AR,

TEAE B % Fig. 3-1812R”7.

g A—=ZIZ k5T

Table 3-11 Setting condition of the equipment.

X-ray tube voltage (kV) X-ray tube current (mAD (mm)

Collimator (mm)

Exposure time (sec)

30 1.0 39 1.0 5-70
(@) 1000
900 - oP
= 800 - OO
s 700 - OO o OPowder 1
= 600 1 OOO <o OPowder 2
§ 400 - OO > A O Stress test piece 1
S 3001 08 A AStress test piece 2
% 200 - A o O o
i} | A O
O __Q 1 T T T T T T
0 10 20 30 40 50 60 70
X-ray exposure time (sec.)
(b) 70
T 60 1 O
8
) i
:l_) % 50 OPowder 1
o = i
s4q 07A - OPowder 2
S 30 - .
8 2 A O O0Q - O Stress test piece 1
() 9 20 -
=3 o DA . D O oOpo AStress test piece 2
c o 10 - O
2¢ 8O<>o<bo<5>oo<>o
) 0 50 100 150 200 250 300 350 400 450 500

Peak intensitylp (a. u.)
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80 -

(c) 100

0 O OPowder 1

60 - A

50 - O O OPowder 2

40 - ﬁ@ﬂﬂ .

30 - A A O Stress test piece 1
A & AStress test piece 2

20 A

m—jﬁ§%§
0 5 10 15 20 25 30 35 40 45 50
Standard deviation of repeated measurem&{idPa)

Linear approximation error o
cosn diagram Ao, (MPa)

Fig. 3-18 Transition of repeated measurement evh@n changing the specimens. (a) Relationship
between the exposure time and peak intensity. éigtRnship between the peak intensity and
standard deviation of repeated measurements. (gji&teship between the standard deviation of

repeated measurements and linear approximation@roosx diagram.
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b TR ZE ORI EAFI T D & e o7, L LB o0 X 0 BRI A R <
L CHMKERZITR CEICR 63, RMBRAICE > TRRDEICRD LTRSS L
ST, & ZTEERZ 310 R < L7zl BIBRA Ol & okiise & OB 4 Fig. 3-19
(R, il & B — 2 B ICE, RROBMRATHER S .

Ip=06xE:—21xE,+318 (a.u.) (3-13)
7272 LB I3 AME(FWHM) Tdr 5. AR ASEA B IC2h, “IRBIEAICHRGE RS K & <
720, X BROBIRER 2 5312 K < L TH R OAME AN A Y & MEORGRZENBD L2
LB HERR S T

O D, MKFAZE L ERITPEAEOFBIL, Powder 2B W THETENRD LD,
ERITHBITmWRER L 2o TV D,

BRI L > THLILD E— I BEIZENH DM, X BOBREOBAZITRBFAIC L HT
HEPTE D2 EMMER I NIz, FIBMIIES VB TIE S, MERRAEN K E < 72 DA
PDIHERR ST, cotfi X D BT IRRAE 2 R4 2 2 & T, MuiRIE RS EE DR S FIRE &
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Fig. 3-19 Relationship between the FWHM and regkateor when changing the specimens.

355 IPU—EDNRFA—FEAESE=ER
AHE TIZBWNT, MR TR E &R ITEKATF T 5 2 L SR S22y, IP Ot
FETHDHEURE, FERE v F, SEREFORERE, B —REEZ (LS eI &I
X%, BRREIZE R DB LHET L BN TEREIT 7. RBIEE O IESIFIL Table
3-121ZHE~ 7=,
Table 3-12 Setting conditions.

X-ray tube voltage (kV) X-ray tube current (mA) Sandist,D (mm) Collimator (mm)
30 1.0 39 1.0

3.5.5.1. FEHUHE

IP 726 0D PSLIEN 2 LBEICART DHFF, S F D GElURE 28 F L7cky, Mk
G2 D HBERET D HNTEREZIT-7-. EBRICEE L, Powder 1% H\ Gt BURE %
KZBHT128, PMT O =y hr—/LEE%L 053V 75 £0.03V (LS, #HRREZZEX T
o v — 2 @E% Fig. 3-2010~7 7. £72 PMT O = b r— VEE 24 2 2 OFIFHLL %
PMT OFI#HX Fig. 2-7 & Fig. 3-200 A 515372 FI1#52:4L % Table 3-1327%9". 724 PMT
D=z hr—/LEF 053V &2 HKHEL LR RIRICERGT L. PMT O = e —/LVE+E
ETHE, B—7EYS ERND I LRSI, ERTHOLNAGEMIL, PMT OFF
PEBI 2 75 5 NS L L RO L 7p o 7.

WIZFEICRE I 2 BRI HL Y, KRR ZE 2 i 2 B - 7285 R % Fig. 3-2LIR"7°. PMT @ =
v he—VEEEZZEN, OFY IP Y —FOHRIURELZZSETH, BRI X 2k
FAEDOEITRZ T oY, FBUEE IR EICEEY 5 2 e WER & o7z,
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Fig. 3-20 Transition of the peak intensity by X-e¥posure time when changing the gain control

voltage of the photomultiplier tube (PMT).

Table 3-13 Intensity ratio when change the contodlage of the photomultiplier tube (PMT).

X-ray exposure time (sec.)

PMT gain control from PMT spec. from Fig. 3-18
voltage (V) Gain Ratio Slope Ratio
0.5 4800 0.60 9.21 0.62
0.53 8000 1.00 14.89 1.00
0.56 12000 1.50 22,57 152
10
3
g 0
588 B
=
5= 71 O
2 &
© J
3E° g§ 00.53V
52 4 8y
S 3 - 5égé 00.56V
°
c E @
n 1 -
0 T T T T T
0 10 20 30 40 50 60

Fig. 3-21 Transition of the repeated measuremeat by X-ray exposure time when changing the

gain control voltage of the photomultiplier tubeMP).
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3.5.5.2. IP OFESM

BIE > F, BERRFOEEREL, i L —VREEZE X, MIEREICE X DR ELRET
5 HMT, X BMOBNFEFZ 30 CTHEE L, IP OIS % Table 3-14Z 6V ERZ 3 2
2ot WERER % Fig. 3-22127” 7.

@75, FEHE > T 10um TiE, AT ThIPEALEAN R TEND. ZIUTHIE M E
SfRRE(Fig. 3-1)%, OLEZBAE— 7 REREMEFT LTS EEXLND.

(D)2, 1P OEEEHUZEE LTS HRIEIZ S 2 22813070 <, RSO B REEE —
H O A BRI LN L b D,

)b, hEL—YREIZEALTY, ISHREIZE 2 28I iz, L—F O
KHEDHEHHANTHA S EZ I W 305,

Table 3-14 Reading conditions of the imaging p(®.

PMT gain cont. volt. (V) Reading pitclury) IP rotation speed (rpm) Laser power (mW)

0.53 20, 25, 40, 50, 100 1200, 1800, 2400 " 6,9, 12
(@) 30
5 25 OPowder 1
5 0o Yo -
o2 20 - OPowder 2
S
SE€ 15 o Stress test piece 1
g5 AN A A ess test piece
S e 10 -
S 2 AStress test piece 2
g 51 90 <O O
38 OO0 o0 O O
% E 0 T T T T T T T T T
1) 10 20 30 40 50 60 70 80 90 100 110
Pitch @m)
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Fig. 3-22 Repeated measurement error when chatiggngeading conditions of imaging plate.

(a) Reading pitch. (b) Rotation speed. (c) Lasevero
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Rl FEHRBURESCHIERELZZ THOMIERENEDL LN L2, EEDO VR
Th) A RF AN E TS D RER L 2o T,

35.6. E—VHMBEREEZALZSE-ER
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Fig. 3-23 Relationship between the exposure tinterapeated measurement error using 4
specimens when changing the peak position detetimmaethods.

(a) Powder 1. (b) Powder 2. (c) Stress test pie¢d)IStress test piece 2.
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X ARSI EO NN T, X ARBRE AN+ 2 B O FESRL S L BE Ty 5 = L 1XBE
MTHY, TORIIHIEEICL > TEIH LA, Ha 1 HMELL OSSR HAUTREC
o ThdEENTWS. IPMDZ e comiEWD 08 12 X 2 s e, Higin 7
FIPTERZD Z ENEETH DD, 0RO RGBS SRR T, A
PIERDVBERR & 72> TLEY, WEREOEANBESINTND.

RO EGLT-ODTEE LT, siniE TR AN AREIEWORIRE SN, con
ETCIIRBRE B ECOCHy LAMER SN TV A, X AR AIRENEIE, X O AFHLL
NONFHGRN % —BILR DO, BHHICAFTAYZRETLHZ LT, BEICHFSETS
fERRRI O E BN S5 HETH D, RELODHIZIE, X BOBK SICEEEF L2 AT 5 A
TURREL IR D0, HERODsin?Y E L ITRRY, LERREEFIZ RO 2 SR E O
FEETLNWED, NI =F AT =T THo WO R EET H. Fig. 4L %2%
eI

a=0
™ Incident
N X-ray
Yo =Po—96
oa=T
g =P+ 6
Ds =39.00mm

Specimen

Fig. 4-1 Schematic diagram of the X-ray inciderglar@),) oscillation.
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AEHERED I 2t v MBI DMERES, HHRETVEFEVIRRD Z LT 5. X#BRO
ANty % 300 , HEEfHoA 5 L35L%, IAky MBELD L Fig. 42125787 59
2, A 25 L35 TIP Lic@ELSnEIBRORE INET H. 72721, DmITR
Blzty hLToELEDDs EDRAETH L. BRI OEfIRFEIIRNELNDLI LS, A
HAFEE T2 5 X A BN U IP ISt Sz BHrERIE, ASMAIC L 0 B
DREENEAT D720, Fig. 4-31-7 T K O N FMIEITIAD 2 DS N E-2 55213 72
VN, CHLRORE SRIATRR S S O T B ITBE SRS R D728, GE & U THLRRE s B 72 2 B
FTHREE AV, REHE Ds2 D Dm7ZI R Ak vy b &8, ARARIEZIT RN S X iz
ABHCHRST L7z & &, ASH 25 OBFa=0 fif, ASH 35 ORFa=105 11T O A[EHT 23453
b, LS Oaf TEREHTRE SR> T2 &3 % (Fig. 4-4)

777777 7 M

Specimen

Fig. 4-2 Schematic diagram of the diffraction rimgen the changing distance of sample and

imaging plate by the incident anglg,) oscillation.
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Fig. 4-3 Incident angle oscillation when misaligmnef sample and imaging plate (IP) using

continuous diffraction ring specimen.

Y, = 25 Diffraction

™
Ro

( Incident
g X-ray

Rn

Yo = 35 Diffraction
IP

o =TI

Fig. 4-4 Incident angle oscillation when misaligmhef sample and imaging plate (IP) using

speckled diffraction ring specimen.
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cos(30deg.)

cos(25deg. ))} X tanzn

Ry = {Ds + Dm * (
(4-1)
cos(30deg.)

cos(35deg.)
LD, 2721, nid Braggfi0 D4 THh DH. BraggD & vy, [BIFTER EOEE O

R, = {Ds + Dm * ( )} X tan2n
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1 R
Eq = 5{271 + tan™?! (D—Z)} cotf, (4-2)

L7200, comiEDRMEAIZRK T Da=0L 72D a,ld,

1 R R
a, = E{tan_l (D_Os> —tan! (D—Z)} coté, (4-3)

TREIND., ZZTXMEOX—F v b Cr &L, BOTHOaFe OHAREZ Y,
Ds=39.0mm & L7256, I Aty MRICHEICGR 2 ELZ T IaLb—Yar LR E
Fig. 4-5 1287, 72721, X MAOBPEERIE, X SUsHEEERED E/(1+v) = 1.75 X
10% MPa # WV CRtH L 7=,
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Stress valueg, (MPa)

Fig. 4-5 Simulation of the relationship between tisalignment distance 39.00mm of sample and

imaging plate and stress measurements.
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WICREPEHRENE TH 5%, ERFERENE I TRAN RN DN FRI R 2 —E Ik D
D, B REREE IS AT ICRE) S EIRE 2 T 2 LT, BN HE BT D MRk
OEEHMESE D HETH D, ¥R % Fig. 4-61~T. AEHEmiZEEL, BEmEN K
LRV EGENME T T RERH D . T DR A D 72, CT(Computed tomography)
HECOCORIEREINTWS. CTEOHEN % Fig. 4-7T10RT.

1%, AT —YoEEEF L E TORM Ds=39.0mmic ks
T, KI50MPat 72 by R 2 L—y g UERNG
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i
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Incident
X-ray

o = 30°

D =39mm

Specimen

Fig. 4-6 Schematic diagram of the X-ray plane tetddn method.

GxQ(,GQ

Fig. 4-7 Principle of computerized tomography (&)
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L%, T2IEL, O HMES M E T A ARBIT RO, 1(X,0) 13 LD T A

BBORS, 0,00 AMEENOIEANTTHS. X 5 EUBRIE 1271 > DT

ox(X,0.) = (4-5)
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TAARINC L > TR DN T0 (X, 0.) 02D, i J1 534 Td D oy (x, y) DFFRERKIZ I,
CT HiFiC L A HEUER) 20 i i 521k CTdh 5 BP(Back projectiomiz i L=, 6 E L
T AFBP(Active filtered back projectio} % &% L 7-.
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Q) HoNTz0,(X,0.)% 7 — U LT 5.

() EZDH vy b AT EABEEDOH(w) = |w|B% (Fig. 4-8) 12T, 7 4 VA UEZET S,

Q) 7—V = WiEHimE LI R A2 W THEREZITY, o(x,y) % KT 5.

(4) B L T20, (x, )76, FHRIC K W BHUBIIC T A VB8 LTcog (X, 0,) Z1ERLT 5.

(5) 0,(X,6,) L0y (X, 0,)DREENE/INE 72D X D1, Hw) = |w|BEDH ~ 47 EHK
BOoA T — NV EEERE LBERTET S,

ARETIE, ZIVETOWIE TR L2 E 2 vy X BAS A RRENE 2 comiBITm A L,
R AR L, WEHER O I 2y bUSHICE X 5B FERICEL VR L. £z
BRFERRENE & 452, CT BRI K 21 ERY R BP LS, BT L\ AFBP IEIC T /1500
DOFFERRZITV, PR A O %2 BRI L0 B 21T - 7.

. H(w)

. ¢

—®Wmax @Wmax

Fig. 4-8 Filtered function of the active feedbackjpction (AFBP) method in this study.

4.2. ZEEAE
421, {R#
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DALy e % Table 4-L2ord™. BB 11X, 7 7 A 2% AT, £ & 140mmiE 40mmx
JEE 3mmIZINT L, ZD%KIE 1000 DAFEAMHIC TS 21T > 7=, £ Dk, EL 5mmd
VAR T T =T R2AEY, 10%EHKIC TER 0.6A T 150 BEMAFEZ1T-72. #ERA 1
% Fig. 4-910RT. BRI L7245 %2, F—x 0 ZHRJIL-V7020ye AWV T, ESHIE L
i % Fig. 4-1012~7.

Table 4-1 Specification of SS400.

Chemical composition (wt. %)
C Si Mn P S
- - - =0.050 =0.050

Strain gage cable

Fig. 4-9 Test piece 1 for four-points bending test.
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Fig. 4-10 Depth level of the each points after eetganlished for test piece 1.
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R A 21%, RBA LRERRICT 74 2% &2 AT, £ & 140mmdiE 40mmxE & 3mm il
TL, ZD®%HLE 1000 DAFEEATRKIZ THFHEB 24TV, R 40mmD~ AFx v 77— 7 %050,
RSH 10um 1272 D K D ICEMMEE 21T > T2 £ D% [KH]@ﬁzﬂo%@vxﬂe‘/ﬁ‘%~7°%E£
v, 7IA ML LTz, E )OO A RS S HRYTIKH] o E RIS, B 4mm
DYAX T T =T %80, 7T A MURKRZZ 2 T L7z, 77 X MLEE, Vi
B#iPH A HIPR 2 BT, EAE 39mm DSzt =— 7 —7F T 27 Liz. A 2
% Fig. 4-12|27~ 7.
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X-ray stress measurement
direction

N
N
\

[ L X

\
@
\\
~

&
&
&
€

N
N
-
\ :

Fig. 4-12 Test piece for the X-ray stress distitmutneasurement. (a) Photograph of the test piece 1

after shot blasting. (b) Explanation of the shatsbpattern and line oscillation tracks.

422, AIEEH

FEEORESM%A Table 4-20 & 51T E LS DIEEIT 7o, X RS A FZENE O F25R
X, 2V A—FOEFEEZ 1.0mmE L, SEXRITY, =30 £ 5SEORENET T 5 42 i
ROE LTz, AERPHERENE O ERIE, FEEE R Lold, 2l A—ZOER£E 0.3mm
E L, XBROWBEREZA D 72 OBNWRH % 120fIC5%E Lz, 7272 L, AETIHEIC X
HIENEE OUBENROMREITO 2L 2 B ET 5720, X RABIEERIE, X s/l
EERERED 1.75X 10° MPa%x Hv 7. X MAST A FEENEIC L 2 RIERE oM Lo fEEd 2 B
fC, Fig. 4-13D NS FEE) A 7 — P ([alis .0 2 BURHIERE 39mm TRk et L, Ay, = 30 +
5° CEBHEEATEE) A {ER L FEBRICH W,

Table 4-2 Measurement specifications.

Oscillation method Y, oscillation  plane oscillation
Characteristic X-ray Cr
X-ray tube voltage (kV) 30
X-ray tube current (mA) 1.0
Exposure time (sec) 42 120
Incident angleyo (deg) 305 30 (Fixed)
Measurement range (mm) Point (Fixed) Line
Collimator (mm) 1.0 20.3
X-ray erastic constanE/(1+v) (Mpa) 1.75 % 10°
Determination method of peak angle fullwidth at half maximum
260 (deg) 156.4
Stress calculation method cosu
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Fig. 4-13 X-ray stress measurement device forribielént angle oscillation method.

¥ coMEDILIIER KL, kA TRINDMN

E 1
1 + vsin2nsin2y,

FEENIZ K0 Ao s 3015 & B LT 5720, IIER K 2k TEAEEZIT 72,

E 1 1 1
K== 2(1 +v)sin2n (sin(Z * 35deg.) * sin(2 * 25deg. ))

K =

(4-6)

(4-7)
= —5.18 x 10°

X FRANSHAFEENE O FEMEEICIE,  Fig. 4-1404#38 00 D0 Ul 1 F A sl & v <7
ofc. B, OTHT—UDnBISICHBAT 57 73E, —ROREAM Bt O FEH T
& % 206GPaz V7=

I, PUEPEmEEENE OB K 2 MERE M EA4RFET 5 HAYT, Fig. 4-1503 k%
T AT —UEBYEL, CTIEOMRED GO TIT O L OREBNEmEENIX 1o 7 1 5%
e L.
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0=0[deg.] . _ 0 1 Stace 0 =45 [deg.] 0 1 Stage

Fig. 4-15 Sample XY stage for the line oscillatraethod.

KEXY AT =V DHTTA AZEIFRETH 528, CTIEOBAICEE LEH DD, [l
AT =% XY AT —=UO ETICEREL, HMEFIXEOE EITT A ARB 28
MIZEDT Y AT —VOHRTITZD LI L. RBAT—VO%YEEL, BT
51208 L 70D X OITRE L.

4.3 . EERAUMREE

431 XBASNBESE
4.3.1.1. ZhERORER
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X AT IREE O MEERGET 2 BT, R L2 HVEREZITo 7. T ASA
FEENVAZITDT, MLEIC X AR L, 55070k % Fig. 4-1610R"7. BT 8 — 7 58
DIBFIHR L O DH, BIRANSERE L72FHTRAE S, comit b RAF 2 EHBIRAE 5
NTWDZ ENDHEIERE LSV n 5. BMRERIC X AR L, Bohik
R Fig. 4-171R$ . BRRATEE R ClE+5 2B ORGSR & DRI 35 & 1L T B 73 B
JRIZZ2 D, D confRI D EAMEN DI TN D Z & 9B ) OREREE DK T A3 C
LS. WICARAFIAT =2 W TR 21TV, BERED M BT 20 R %417 -
7. AFHAFEEN A 7 — Y oEEEF0E, FOBHERE 39.00mmE L TGS LTV 5729, LED
ENATIZE D ZARPEICT, AEHEEEE 39.00£0.01LANIZ7/2 5 £ 5 Ii%E L=, Ak
FEEN ATV DB IC X A2 RS L, S onofE% Fig. 4-18107 3. ASHATE
LY, Z< ORI D ORIFT AT, [EIFTER OB AR S SRR & 720, 2o
coR K D B b o LIIEREE off) EA R CEND.
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0 0.2 0.4 0.6 0.8 1
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Fig. 4-16 X-ray irradiation without the incidentgle oscillation for test piece 1 (sanding point).

(a) Captured image of the imaging plate. (b)cdmgram.
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Fig. 4-17 X-ray irradiation without the incidentgda oscillation for test piece 1 (electropolished

point). (a) Captured image of the imaging platg.c®x diagram.
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Fig. 4-18 X-ray irradiation with the incident anglscillation for test piece 1 (electropolished ppin

(a) Captured image of the imaging plate. (b)cdmgram.
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OB TIE, EHERED 2 2 v b £0.5mm LI O TIZEIEMBAZE D 5 22\ 0iF
BEHAH Y, £05mmLL ETEI ALy b Imm iz o &K 4J0MPals HEIc B A 52 5
Lo, ZHFEOI I 2L —2a LV RVEERDRWERE o0, LM
Kighbsbhr ORER A TIERBHERE O X A& » FOFFRFFHENHRL 220, »ovIal—v
a VEIZEL 725 LB HNDEN, EEOHMIZBWTI Aty MBFFETE DLWV M
Rz,
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Fig. 4-19 Influence of misalignment in the stressasurement with the incident angle oscillation.
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WRWEWZ D, W EMAFER IOV, BAR TORIIE-19MPat 72> Tk Y,
TIZ R 2D BRESH, BENRIGNERLTNDEBZEZXDHENTES.

X MRASAEEEZEH U CHIE LIRS % Fig. 4-202R3. 0T Tl n 72
[EHTER 3G DAL TN D 72D AR AFRBI O T, 15572 s DEIC 2 I TR R V.
L7 L EBRAMFEE T CTIER? = 0.908 » 0.995 L thE S, OT AT — T L ORRZED R KA
IMPa L fE S 7.

NS FEENT, FBHEREZ E L S RET 20ENH D03, AR R K & < BB
DEEFORIZZR 2B A IZBWT, WEREON LIZARFETH D Z LRI, &
G CTRBOGEEZHE VWS 1T 52 LT, GRERNENATRETH D &V MARED
.
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Fig. 4-20 Relationship between the X-ray stresssmesment without the incident angle oscillation

and the strain gauge measurement results.
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Fig. 4-21 Relationship between the X-ray stresssmesment with the incident angle oscillation and

the strain gauge measurement results.
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100

Fig. 4-22 Point by point the X-ray irradiation watlt the incident angle oscillation for the testcgie
2. (a) X-ray stress measurement, (MPa). (b) Linear approximation error of codiagramAcy

(MPa).

Fig. 4-23 Point by point the X-ray irradiation withe incident angle oscillation for the test pi@ce
(a) X-ray stress measurememt,(MPa). (b) Linear approximation error of codiagramAcy

(MPa).
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Fig. 4-24 X-ray irradiation without the line oseilion for the test piece 2 (electropolished point).

(a) Captured image of the imaging plate. (b)cdmgram.
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Fig. 4-25 X-ray irradiation without the line osaition for the test piece 2 (shot blasted point.).

(a) Captured image of the imaging plate. (b)cdggram.
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Fig. 4-26 X-ray irradiation with the line oscillati for the test piece 2 (electropolished point).

(a) Captured image of the imaging plate. (b)cdmgram.
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Fig. 4-27 Multiple lines of the X-ray stress measuents with the line oscillation method.
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Fig. 4-28 Stress distribution using the conventidr@ek projection (BP) method.

—o— O'x(X, 0)
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Fig. 4-29 Relationship between the X-ray stresssmeament with line oscillationg, (X, 0) and the
calculated average value of the line from the restatress distribution using conventional back

projection (BP) methqd (X, 0).
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Fig. 4-30 Restore error of the changing cut-offjfrency using active feedback back projection

(AFBP) method in this study.
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average value of the line from the stress distidloutising active feedback projection (AFBP)
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Fig. 4-32 Stress distribution using the active ek projection (AFBP) method in this study.
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