F9[o

EIZKFEA
S/RMEZFKF

TOYOHASHI

OOOOOOOOOOOOOOOOOOOOOO

SPring-83& @44 #4 5 {f &
- FEMBENMT - ERIRERDOEEHNT -

S OERF R

=

j'bx

201452 R 148

RIBHNEE

SR DEREED3ID/ADEHT

Microstructural Features Tracking Method and 3D/4D Analysis
of Deformation Behavior in Metals

SHRERMEZERFE #

1Y

L LF%R /MARIEF

Masakazu KOBAYASHI, Toyohashi University of Technology



=

MHEARICIIERRGBREFENHA
Wondh, TDEIEIREEHEE,
NEZ RS2, HRERIRLAET
(AT A AN

=

$I\1_L sk
(TEM)

i e AL HH
(EBSD) = v



Thompson: Metall.
Trans 18A (1987),

ETE E}&'zi£0)7|:|tx O, L4

L=< _\ . " | ‘;
SIE 4B IR OD BT T (3 K)

» JURK » @@@@9 »

SHAF RAFDEE RAEDHRE RAEDER




X$&FEI 574 (CT)

JERIE T D N ERE E % 3 R ST AR ES

— [HRIZL T 2B DA T4
=4DEHEZ |

(A X, BRE, 7%, BECRAIERE

$:1 - N
9 Rolling direction '“*EI' :’C%é]
5 g
O
L= 7
o)
2
05 —:
g 3
-

4




Contents
<X$E+ETS5T74>

o FRHTIL
o YTV, HEZS
- B

< T/ DOMERFHE R EENE R A5 >

<TmIEDEHLEFEIZDOL\T>




%Ef\:' DXMDEBRSODIRILF—IRTFE
(15%1%E18)

I*I

10 —

O
—

15% transmission length, L,5¢, / mm

001y v 1 v 1111
10 20 30 40 50 60 70 80 90

Energy, E / keV



S St
FERETEET BT, TOH#

ﬁjﬂﬂéﬁ%ﬁﬁgl:&’)fg‘éi%ht Radiation cone
BeI< £ T 5B /

ﬁ&%q%ﬁEEQ—C“(i, %%’EJ%J A éﬁ"c radious p |
ﬁ&%ﬂ'ﬁ'ﬁ%'/{%éo electron orbit

RO BWLASLAL
v FEEHINELY Magnet
v EELTLS ZZ777
R N R R F EE EEREEERERE

v FEIEZEADOTALY

EFOHE
BAKEN DS

T DIR, 7ooal—~3




XEECTEvh 7y T (28, »fEgE1um)

HLEMNS  44m(BLATXU) 10 mm: U RS R R
80m(BL20XU) 55mm:E?|:J:r:I.“/|*5Z|*
240m(BL20XU) e
ﬂ_*/—‘c"y'ﬁ—
TA71—H— |
—#ERE/VOA—4 o i Q
> Bl
SEXR T wexm 2= X
FUDAL—EMED n |
eI X
S ERERAS
1) 150 IN)LRAE—A— F—4A

PC O cA—5— PC




s (AR )
CCD: 2000 X 1312 pixels, £&JtHMHE 300ms ~
CMOS: 2048 x 2048 pixels, 2= JLHFRE 50ms ~

TORIAAS
(CCD,
CMOS)

AARA AT




X2 DI UR ASHHDBE, 1,
» BEDXBNESXONEEEBT HE, |
[ = Ioe_‘“ 1y
- EBERRVFERRENS

o p IR R R (LACTE)

1

(B R XIRT R L X — [ 77) EEXDRE, [
/U(E’ Xes :0) R Y <T>

- RFBESDOREVTRITFINAKEL

— KRARVDXERIZRIIRESNZ 0D

HEXENYIAEERT HEDIRAE
I=[I(E)exp{-u(E)-S}tdE
BEXIROBE
[=1,exp(—p-S)



FBa R

|
= Si=u 1,
s T—VSzﬂfl'M

Sy=m T STy

DIEWREZHTIEIRNESITRESLGVD, HEHZEE©
I ENEBDIREINRE TES,

B YA XNKRELELHEETL AT EITRE(C
55D T, ERIERERT— I E B ZEI-FEMNED
4, — Convolution back projectioniZ




419

B

BRE

e BiBG THASNAXERELN, OLRBREDX
IR IR S Fifx, ) DRAE L,

L(xX,0) = J F(x,y)ds

-

S
W RadonZE#a ( J. Radon 1917 )

f(x, y)———hmj I—L(xcost9+ys1n(9+q 0)dbdqg

27[ c—0



ATARX (FrfE) Bl&

Y

2000 pixels

-

2000 pixels  spnmmig | -AlLMgA £




CTE{Z voxel: = RITEE
z

L[ [ [ [ A

BB DIEER
» BIBR(TFFERX) Otvh. 8 0#EE > T—328X

— (2048pixel x 2048pixel) x 2048 slice x 8bit (256F&Ef) = 8Gbyte

— (2048pixel x 2048pixel) x 2048 lice x 16bit ( 65535 P&ER) = 16Gbyte
* 8 bit =1 byte= 0 ~ 255, 16 bit=2 byte = 0 ~ 65535
« 1024byte=1kbyte , 1024kbyte=1Mbyte, 1024Mbyte=1Gbyte




GPU

0.33s!

)
0
iy
=\
™
4
@\
o0
S
O
g
: | & /
Q
~
p)
> Y
/)
=
L =
a
Q
/) S
N
| _ | _ | _
=
(@) o (@) (e) o (e}
0 N (o) ] <t o
(ElEG—2 £




ZTDIFEIE (ADERER)
XEErES ST DRLEEETS
ECA

Test rig

Detector

e =

Rotation stage

_ P RBRI O/
SI3R, H#e, BB SRR TR I AT e



Pores caused the final fracture
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To obtain internal 3D mechanics information

Particles, Micro-pores, etc
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Trackln
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: Loading step
micro-gauge

v Tracking marker position

v' Measurement of displacement

v’ Calculation of strain

M.Kobayashi, H.Toda et al. : Acta Metar. 56(2008) 2167-2181




Sample preparation

%iz Al-4mass%PDb alloy

Material: 99.99%Al + 99.9%Pb
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Tracking algorithm
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Result of marker tracking

Step No. of marker (>9voxel) No. of tracked marker
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Strain calculation

Assuming a linear displacement
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Strain components:
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Delaunay tessellation [B]: displacement-strain matrix
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Evaluation of strain accuracy

v' Spatial resolution and sensitivity of
strain depend on gauge length.
v Marker distribution is not controllable.
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Measured strains
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3D strain image map
10um grid
Measured strain
position is random.

(thickness=10um)

Voxel Image

3D linear interpolation
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Results of 3D strain measurement £
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Fracture path estimation (R0.5 mm notch)
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Dimple patters originated from H pores _
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Fracture surface (Unnotched) Fracture surface (Pre-cracked)
Dimple patterns originated from micro pores in the three TPs

Properties Unnotched Notched Pre crack
: Micro pore 3.7 4.6 4.2
e BlEmEEr (“m)Particle damage 3.3 3.6 3.8
. Micro pore 94606 < 623 < 67.1
Areal fraction (%) particle damage 45.4 377 329

B Dimples originated from H pores occupy more than 50 %
B Fractional area increases with the increase in stress triaxiality
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Grain 5
111
TA
Grain size: 150um 001 101 1St S“p SyStem
Table Result of slip analysis (one point data)
slip system (h k) [u v w] Amplitude, y Ratio, v/7

1st (-1 1 1) [ 0 1 -1] -0.75 1.000
2nd (1 -1 1) [ 1 0 -1] 0.44 0.586
3rd (1 1 -1)[-1 1 0] 0.36 0.480
4th (1 -1 1) 0 1 1] -0.34 0.453
5th (1 1 1)[ 0 -1 1] 0.26 0.347
6th ( 1 1 -1) [ O 1 1] 0.21 0.280
7th (-1 1 1) [ 1 0 1] 0.08 0.107
8th ( 1 1 1) [-1 0 1] 0.01 0.013
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TEM observation
in aluminum

Dislocation cell structure
depend on deformation
and orientation.

Type 1 .

w  Olip system activity

X. Huang: Scripta Mater. 38 (1998) 1697-1703

G. Winther: Acta Materialia 56i2008i 1919-1932.
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M Fretting fatigue crack in S35C
B Creep void in SUS B Hutch No. 1, BLI9B2
B Hutch No. 1, BL20XU W35 keV, resol’n: 26um
W90 keV, resol’n : 4.5 um Shiozawa et al., Journal of The Society of
Cheong et al., 2007A beam time report, Materials Science, Japan, 56(2007), 951-957.
SPring-8




=

BRI -ERIOD I NERSSITIZE (H23~H25)
[ADA A= T ER (LA AM B ATEDOREMS EL ]
(AERR: LK FHBZ %)

I. HisRIBE1
A. ZERINEEEE 1 um. 4 X0O600 um®D/\NILIE R EREE 3DA A—
DU RR

B. &M FDERAFRIDAIIRILZAIEEIZT HEEDRF
C. ﬁgfﬂﬁ*—lﬂlﬂﬂ)Nb\ Mo. Ta. W EDADTRIEEIVELTED
fEL
I. ffiZRIEH2
AN B MER - BIEHRIEMEBDADA A= T EEDHLE - iR
o fi% BA
II. #F33IEH3
BREMBETONSATIVIZESE G T —IDETE




. S (=]
= —
ESELRILEF—TOCTIRIE
E 25— g 25
~ ~
g 20 :ﬁ 20 L
-2 8
= 15 2157 . |
S 7 Vertical resolution
2 0l | B oo -
= s Lateral resolution £ .
30 40 50 60 70 80 > 30 40 50 60 70 80

Energy E, keV Energy E, keV
63.6keV 38keV 63keV 63.6keV  73keV




oL Bl
ZE[a] 5 AR RE N DD EL A - *ﬁuﬁﬁlaaﬁftﬁf’q‘ﬁ@w*a
14
. id [ @ : 12 y © I‘;g 11:3
=10 | =2 10 | .
S 8 5 87
£ 67 s O
g af g 4
27 | 2 i
00 | SIO | 160 | 150 00 | Sb | I(l)O | 150
STD distance, L, mm STD distance, L, mm
£ 14 ' g e o [
O | EH-RHBRAEEAGEL VS
10 | A, S AD DEELXES DB
g 6 | TEERREMVE T,
% 2l | I*)lx#—lf\bﬁf— B )73
8 00 ' 5.0 ' [60 . 150 II'E.IIEE Ej—éZ‘gh\%é

STD distance, L, mm
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Crack tip

l

50 um

B High-resolution 3D/4D images successfully obtained for the steel; the images are as
distinct, offering similar detail to the high-resolution CT image for Al
B Strong interaction with underlying dual-phase microstructure observed
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