2010.3.1

SPring-8 [B# MM E (F2/E]: 1 X —2> T BB D Fr F %)

E]ﬂ

\\E-/ 'd;IJI?'J jFV K%i.@l%ﬁﬂ—\“ J:%D
=T QEE%%“ZE%NE%J)
MEAD IS 4T

i
“[Iuk

[1]if

—

FIT 2

1

3
'%

}

il

1.[XCDIZ

W ) DBEZ, BEHTH T DIEE
2B T T FINDESG -

FEHZEANED T H I 755 778
SHBEZBEMFINDES:

FBEHSXDEFE T TD G EERENT
i J%E '7/ )V T—F

IIEI

S8 =T

'I'I'I




2010.3.1 SPring-8& BH HFHHH AR (F2[E : A A—> T D FFF &)

1. IFLHIC

L NDEE
- SEATE I D EE SR



2010.3.1 SPring-8 & B HFFMIHAE R (F2/E]: A X—>> T EEDFFF %)

ZREBICNDHE

E. Macherauchi(1973)IZ &4 383D EBIL DS DIRIE

(DE1EERBCAH o REBAICH=5</0GFHHZREBIE N
(2)E2BBERBEN o BRAUTED o 'HhoDThDEEIE N

Residual Stress

DY PILHEHE




2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)

sin2 Y JEMDEEE

Hmr&F

1953 —#JDIEHE—
A. L. Christenson and E. S. Rowland: ASM Trans., 45 (1953) 638 .

1960 —Fz1E—
E. Macherauch: Proc. Il Intl. Conf. Nondestr. Test., (Tokyo and Osaka, 1960) p.727.
E. Macherauch: Experimental Mechanics, 6 (1966) 140.

N—FIOIT7DHES | BEEIZESTHIOBTAISIRA—EDER

1940F At —KREDEZE/IZLBEHFE—
KSFIEZAKSIRBFOEBEREEN KEBEREH X-ray spectrometer

1950EE~ —TakBEZE H. Friedman amsans
1945~ North American Philipstt 7962 ~BZES (F17E—L) g

IUCr1952|=Tspectrometer—diffractometer(Z FAZE#fE —




2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)

— sSin?Y Zz=BRATESHIR —

1. ARBEEIC+ R EHOERHNHLHE(BEMH)
2. WRADFUNEKFICHHT S (FAEMH)
3. ERGENICERALTWS /O ANy —THbHE

4. BHITBIEHEDBXBEOBARSAIZENT, kT
ICETERTDHERGELTREDNENE

I Y B#EE A EREMEICILERTELRL !



2. BERERMBADRR:

RERRAROVT 4 N THAE



2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)
ﬁ'f*’t"ﬁﬁ~ gﬁﬁﬁ{* =

[111]

/

©

7

Crystal structure

[110]

[100]

{110}<001> Fe-3%Si& €1
<1 1f> ﬁﬂaﬂﬂ -

— /
<001~
S _

#(X[001] S REILBZMTHS

1800

iz

1600 -

& _
ft 1400}

&N

= L
I 000f
T 800-
600l
w00}~

3B 1200F

200

(C1007)

rrrrrr

(7101

(1

Ky=4.28x10°Erg/ems |-

g 100 200 300 400 500 800
— B H LT

K. Honda and S. Kaya:
Sci. Rep. Tohoku Imp. Univ., 15 (1926) 721.



2010.3.1 SPring-8 & B HFFMIHAE R (F2/E]: A X—>> T EEDFFF %)
BH/ OFHEHERIEE — Fe—4%Si(001)DH —

(a)  (b) |

Fe-4%Si (001) & DX 1E %

REDOHREREIEI N VT AREICI>TKECEILRTS

S. Chikazumi and K. Suzuki: J. Phys. Soc. Jpn, 10 (1955) 523.



2010.3.1 SPring-8 & B HFFMIHAE R (F2/E]: A X—>> T EEDFFF %)
BRSNS EIC k5 ERKIBE BT

NELZMZ5(CDJFEL—
H—Ra)

HR#E - BRESHLNRRA ?




2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)
%ﬁEXﬁﬁﬁmXﬁFﬁﬁ;ﬂﬂﬁggwﬁﬁ

RERE - £5um
Y A—42 :100umae, 300umae

v ¢ BIERTEED

FFPEXER Cr-Ka

BT E (121)(112)(211)(211)(112)(121)
BB, mA 10
HEEE, KV 30
¢ ¥RENERRE, deg +7 (Continuously)
yiEENEEHE, deg 2.3 (0.1 deg step)
3 A —REE mm 0.1~0.3




2010.3.1 SPring-8 & B#H HFF M A L (F2[]: A A—>> U BREDFFF &)
EEREXREERXKLHAES (FRm)

L—H—BSHE (3100,m
Ve ($100pm)

. 25mm ]
1) A—4: 300um ¢ 1 - L v—y—mmosmm
Sample : Laser-irradiated (3.3[mJ/pulse]) §|| ®// o XHRERSHIE (§300um)
. o H : : '
{110}<001>Fe single crystal N XX

@ P X, mm
5mm GO
025025 “° 1.0

N
< RD <001 > °

200

T T T T T
Top surface /before annealing

150

E'2100— E,, GPa 133
N v, 0.37
_E,.GPa_ | 220
3 v, 0.28

Distance, X /mm

OL——BRICLYSIRRBLCANBAMICEAZTATILS
@c,.l3c, DFI2ME —HIERFEER



2010.3.1 SPring-8 & B HFFMIHAE R (F2/E]: A X—>> T EEDFFF %)

B S DML E s 2

surface

= S. Arai and M. Fujikura:
= Proc. Soft Mag. Mater.,2003.

1r

NERIE 71

BRI —X& + f/NE R E
(@ JAEA SPring-8 BL22XU )

U5 6 F

Hilflllﬂﬁllld:——ﬁﬁi?jJJkM’é{JiE’C%@L\O)’C
=7 RP1,P2, PBDUVI HZAIEL. I HEFZITS

3&




2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)

SPring-8 BL22-XUT® AIE & 45!

Beam energy, keV 30
Wavelength, nm 0.0413
Divergent slit, pm width=50, height=50
Receiving slit, um width=50(variable), height=50(variable)
Direction of strain measurement €1p' EnD € R
Diffraction plane o-Fe 440 a-Fe 600
Diffraction angle, deg 48.14 51.27
Detector Nal scintillation-Counter
HERLAT Ik
r
0 R, .
SR beam r R Nal sinti-
1 |lation countor
RS2
D g( I2]
Ro Col | imater

R,=560mm, R,=300mm, R,=800mm



2010.3.1 SPring-8 & B HFFMIHAE R (F2/E]: A X—>> T EEDFFF %)

‘lifiijf BRAY Yk

AFRAYw bk
Bl X 8 fﬁﬁ,ﬁlrﬂﬁxﬁ

?\

il

ot x4

| z KSX’SY
] i F—oWWR ‘r’*—&z
F—T W AL

Reflection mode Transmission mode

ZBE— FERFHE—FZHEAEDET. EXZARANDVT HRIEZAT

Laser-irradiated spot

RD, X
Surface —4 5 Ly —>

0.03
0.06 _"_m
0o ﬂ,_@ 0.23mm
0.15
0.18
[mm] % { v
01 0 01 02 03 047 06~ 10 [mm]




2010.3.1 SPring-8 & B MR R (F2[E]: A X—>> T EEDFFF %)

s DR

©
o

k]

Depth [mm]
o

e

0.2
-0.1 0.0 0.1 0.2 0.3 0.4
Distance from laser-spot center [mml. RD
Laser-spot
€
E o1
°
a
()
=
0.2
-0.1 0.0 0.1 0.2 0.3 0.4
Distance from laser-spot center [mm], RD
Laser-spot
SNDﬁﬁ "o Gserspot

Depth [mm]
o

‘ o

0.0 0.1 0.2 0.3 0.4
Distance from laser-spot center [mm], RD

fer EplSRBEA DB

©
o

o
—



2010.3.1

O-RDﬁﬁ

o3

Onp 731

SPring-8& [B#1 MFFMBH R E (F2/E]: A X—>> T B D FrF %)

Laser-spot
#100um

Akl

Depth [mm]

-0.1 0.0 0.1 0.2 0.3 0.4
Distance from laser-spot center [mm], RD
Laser-spot
POt $100um

Depth [mm]

-0.1 0.0 0.1 0.2 0.3 0.4
Distance from laser-spot center [mm], RD

Laser-spot  100um
—

Depth [mm]

-0.1 0.0 0.1 0.2 0.3 0.4
Distance from laser-spot center [nm], RD

100

90.0 0 -50.0

L—H—BREHRE T CTEH
BREIC D RE

AlE RS

EERZEXHR - - - Sum
&IV —REE - -23um

ULV RZBICADNBASNTLADIEEBREAICRSNTLNS



2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)
FEM &4

BREBICHEADER: - L—Y—BEEEHOREREIZLAINEOT & ?

| RD i
- EHYTRANS 353:

=ET)L
o :1.0%0.3%0.23 [mm]

Ak EZF0.1mm, EX0.05mm

" %ﬁﬁgﬁﬁf;ﬁﬁ (HER)
RD,(091):E=132GPa, v =0.28
TD,{110), ND,{110):E=220GPa, v =0.37 Stress distribution in TD

= BAERE RSN 1 11.8 % 1076 (Hlisk)
=5 Z1-RE  -1000°C




2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)

U9 Ao MRITER

HHY

—_—

Eup 70 —_
Laser—irradiated Spot [l
—oEsk L—H— BB I
] —
= ]
™ |
S B
o
ND 4,: 1.0mm _ =
% )
RD '
L——BEREE FTICEHBU T ADNEE
%Dﬁ\ﬁ _ _ gNDﬁj\ﬁ
Laser—irradiated Spot iiifr_irradiated Spot

=4

B LD

. 004/5

INSTEFEI TRV S ANFHE REMYRE T ORISRV T &



2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)
o N fERTHE R

ForbEls L—Y—RBHR Laser—irradiated Spot

ALALL

A

v 1.0mm

B L]

aser—irradiated Spot

L—5—HGHRE T TEMEIC A FEE

Laser—irradiated Spot

]

=

[

[

.
-
-
B
|
l
Il
.
B
I

CENNNRNNNENERED




2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)

28if5 8

> BEARASIUVRBOKNBHFEZSZEL-.

> BiemRE L DAEE

SRR D=0 DSRXBRE

Atz FLT=,
> BIEEGNERE NREE

M ERED-H DI FHEF A

F—OMR)a—LRAXYo =0T EEREL,
> REBERZAVTINGAE BRI FiEDRERRIBRGEIC

ﬁ‘zy., Lf:o



SPring-8 & M HFHBHZ = (F2/H : 1 4 —=> T BFEDFTF &)

). R ERMHADRR
ERAFAORE T TORMRERN



2010.3.1 SPring-8 & B HFFMIHAE R (F2/E]: A X—>> T EEDFFF %)

5'5 HEH EH *Sl' 1)) ?% % s ikl E — Q-spaceik. Qrect ace; =

ELNnf-EE&
| >

qd =27

faem
I\

taE K ——————>p —> ERE



2010.3.1 SPring-8 & B HFFMIHAE R (F2/E]: A X—>> T EEDFFF %)

I(q) =—> S(@g =—> G)
Bl Hr58 E BiEREF Fourier%”{?ﬁ FESH

(@) B DLES(q)DE—I D EERFREEMAZART DTIEEL,
LUTDREDT . ZDEDZEROGLTHLIDERELELL TEAEFTFMMAIEEET D,
FAE

DGR FIE T R
ERFEDEFEBEEEREMN/NSLY (KIF—FE)

2
I(g)= ZZ]‘ @ f, (q)smq m g, =K KE#Ems

v max > d HHATIEK=1.23
(=2 squj
5(q) = d) > g_d_do_%_q (‘1) f(+ gd
N<f(q)> K—EDT.c ~ d, - g

G(r)=4m|p(r)—p,]= % [ als(q)—1]sin grdq



2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)

Facility: ESRF

X-ray Energy: 87.7 keV
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H. Poulsen et al.: Nature Materials, 4 (2005) 33-36.
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Facility: APS (Argonne NL)

X-ray Energy: 80.72 keV

Sample:3.2mm®  Zr_ ., Ti.Cu,,NigAl,,
E=82.0 GPa, v =0.362
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g 9 [ | I | | 2 15— 27 2.8 29 30 3.1 32 r
& 255 260 265 270 275 g 2
B | = 1.0
i . 205 = — Loading
&l J —_— bﬂi}ﬂ;&g i .|'| ------- Unloading
g — e SE A B NS B LA BN LA NN B LA B

(Tt I
i) 2 4 & & 1 12 14 1a
Scattering vector magnitude g (AT

T. C. Hufnagel et al.:Phys. Rev. B73 (2006) 064204.

60 2 4 & 8 10 12 14 16 |8 20
Distance from average atom r (A)
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m 2500 H. Kato et al, Scripta Mater., 43 (2000) 503,
B AT i FE 5T S ERESA  Comoression  ZrCTrat,NiCny
(BEEFHHEEAF S, FEARFIFIRR-3) 2000 | e o
a / N\ 15volI%ZrC
=1500 E 7. 5volXZrC
800 . ~
ZrC ZrC =1000 |
700 (@) \<> M /. - [ Oval¥ZrC
acro L
© 600 \){ ! Metallic 500 |
o N V" glass . . 4 =]
= —— - £=5.0%107"s
‘,’\500 U 0 e . . a1
g \ \ 0 0.02 0.04 0. 06 0.08
5 400 (\;{ g Strain, £
% Metallic \ /\l #Elastic Constants of each phase
é" 300 glass Q Aw4 ZrC phase Metallic glass phase
& \ '\'\ Measured SC-model Measured SC-maodel
< 200 \_‘y\ y Young's modulus 25T GPa 237 GPa 107 GPa 108 GPa
100 Poisson ratio 0.275 0.158 0.380 0.373
Radial direction\| Axialdirection |
O I 1

-0.004 -0.002 O 0.002 0.004 0.006 0.008

hase strain
hasest 10vol%ZrC-BMG D Z i 2 By I
TILTAVVRTUMETILVTRT CENTES,

H. Suzuki, J. Saida, H. Kato, A.D. Setyawan, M. Imafuku: Scr, Mater., 60 (2009) 725-728.
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Poisson ratio (X-ray) : 0.32

I ki (#90.38) 1=~
] B TINELY

0.0 -

O
N

Strain estimated from 1" halo peak / %

0.2 0.4 0.6 0.8

o
o

Engineering strain / %



2010.3.1 SPring-8& [EH HFMH AL (F2M0] : A A—>> T EDFHFZ)
Q-space methodDEZNTIE &V OEHDERK

Young’s modulus Poisson’s ratio | Shear modulus
E (GPa) % G (GPa)
Engineering value 91.8 0.38 33
Q-space method 104 0.32 39
bordod g Q-space method ssEan
region region volume fractionZiEFE AN (X
WBR SBR .
e A F [ZSBRD E 2% 51
(b M 1
IRHYOOEH :
: SBRDZERIZIMAWBRIZEITS |
. | FAMEADERE :
! |
I
b = = — —Q=space methoddkYkeEt v 4
J model from T. Ichitsubo, E. Matsubara:

Materials Science and Engineering A 521-522 (2009) 236—-242.
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