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1) V. F Zackay, E. R. Parker, D. Fahr and R. Busch: Trans. ASM, 60 (1967) 252.
2) T.Nakamura and K. Wasaka: Tetsu-to-Hagané, 61 (1975) 2067.
3) M. Yamamoto, R. Ochi, K. Yasuda, M. Aramaki, S. Munetoh and O. Furukimi:
° NETSU SHORI, 56(2016), 285. o7
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J.R.Rice, D.M.Tracey : J. Mech. Phys. Solids, 17(1969), 201-217.

Rice & Tracy model (BkEHRA FOREETIV)
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McClintock, F. A. : “A Criterion for Ductile Fracture by the Growth of Holes”
J. Appl. Mech., 35(1968) , 353-371.

P. F. Thomason : “ A Theory of Ductile Fracture by Internal Necking of Cavities”
J. Institute. Metals, 96(1968) , 360—365.

Cox T. B., Low J. R. Jr. : “An investigation of the plastic fracture of AISI 4340 and 18 Nickel-200 Grade
Maraging Steels”  Metall. Trans. A, 5(1974), 1457-1470.

McClintock Thomason Cox
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Difference in void nucleation site and
local elongation between rdustrial pure iron & IF steel

O. Furukimi, Y. Takeda, M. Yamamoto, M. Aramaki, S. Munetoh, H. Ide, M. Nakasaki,
\oids nucleation and growth examination during tensile deformation for IF steel by synchrotron X-ray laminography
and EBSD, Tetsu-to-Haganeé, 103 (2017) DOI: 10.2355/tetsutohagane. TETSU-2017-011.

Chemical composition of IF steel and industrial pure iron tested

(mass%o)
Specimen C Si Mn P S Ti Al N
A
(IF steel) 0.002 0.002 0.14 0.01 0.004 0.046| 0.048 0.0020
B
(Industrial 0.003 0.001 0.16 0.01 0.004 — | 0.001 0.0017
pure iron)

IF steel : Hot rolling — Annealing (973K x 150s) t=4.2mm
Industrial pure iron : Hot rolling — Annealing (1138K x 75s) t =4.0mm

° ®16



Strengih and elongation of I'F steel and rndustrial pure Iron

0.2% Proof Tensile Uniform Local
Specimen Strength Strength  Elongation  Elongation
(MPa) (MPa) (%) (%)
A
(IF steel) 188 275 33 46
VvV
B
(Industrial 216 281 28 39
pure iron)
<€ RD > t=1.2mm
N
S -~ > Initial strain rate ;
% N 30 - 1 x1073/s
10.0 5.0 10.0
- > > (mm)
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EBSD images of base metal

Hot-rolled and Industrial pure iron
annealed IF steel

oo 101

Hall-Petc Effect :
22MPa (10% of 0.29%PS)
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Hot-rolled and annealed IF steel
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Stress-strain curves
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Industrial pure iron

(b)

0 02 04 06 08 1.0
Nominal strain

Arrows :stopping points
to observe voids by
Synchrotron X-ray.
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SE and EBSD images after tensile test for I sieel (¢,= 1.2)
IPF map of IPF map of

E :
= all phase Ti(C,N) phase
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Void nucleation site : Ti(C,N) in grain boundary
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and EBSD image after

Tensile direction

tensile test for IF steel (¢,= 1.1)

Iron a

o001 101

Void nucleation site : In grain boundary ez



EBSD images after tensile test (,= 0.25) for
industrial pure fron

(b)

Tensile direction

Void nucleation sites :
grain boundary and inter granular (sub grain boundary)
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Yord nucleation site

Grain boundary

Precipitates in
grain boundary

Precipitates in
Intra granular

IF steel

50%

20%

30%

Industrial
pure iron

100%
(Sub G.B. 30%)
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EXxperiment by using Laminography

M. Hoshino, K. Uesugi, A. Takeuchi, Y. Suzuki, N. Yagi, Three-dimensional
structural analysis of laterally extended objects using X-ray laminography, J. Jpn.
Soc. Synchrotron Radiat. Res. 26 (2013) 257-267

[ Conventional X-ray CT \ / X-ray Laminography \

Rotation axis : vertical to X-ray =t Rotation axis : oblique to X-ray(¢)

X-ray

) @
Sample
\ Detew \ Detecty

Merit : Decrease in X-ray penetration distance = Increase in X-ray strength

Demerit : Detection limitis 1~2um

Applicable to voids analysis of
tensile test specimen (t=1.0mm) ©24



Observation condrtions

E—LS4 Y : BL20XU (37. TkeV)
sV DEIEREAE = A - 457

A RAEBRBESREEXRA A -T2y +
(7R k=% X BN-AA50, SCMOS:ORCA FLASH4. 0)

2= LR : 600ms
s - 3600%%/360°
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3D images of voids for IF steel obtaimed by
laminography method

€y~ 0.17 €y~ 0.18 €= 0.56
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Tensile direction

3D images of voids for industrial pure iron
obtarned by laminography method

€y~ 0.18 €= 0.20 €= 0.63
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Effects of plastic strain on number of void and volume
fraction of void for industrial pure iron and VF steel

number of void

volume fraction of void I

250 . _ 0.06 ,
z |@ 2l € sl ®  /
= 200 F —o— IFsteel .'g ' —O— IF steel |
-; - - Industrial pure iron i 0.04 F -2x- Industrial pure iron
'c;> 150 f o
= S 003 }
~ 100 F 3]
2 S 0.02 f
= ©
S 50
= E 0.01 A

0 . i i i i S 0 g ] ) )
0 02 04 06 08 10 12 14 16 0 02 04 06 08 10 12 14 16

Plastic strain, &

Plastic strain, &

Voids number & volume fraction:

Industrial pure iron >

|F steel
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Relationships between average H,, and distance from
grain boundary for ndustrial pure iron and VF steel

2700
&A —@— |IF steel before tensile test
2600 F --A-- |F steel after stopping at maximum load
A —O— Industrial pure iron before tensile test
&E\ 2500 b --A-- Industrial pure iron after stopping at maximum load
g 2400
Z T - A
= i i i
- 2300 Plastic strain gradient
) —Acceleration of voids coalescence
g 2200
5 2
>
< 2100 Decrease in local elongation
___________________________ O

2000 F

1900 F

1800

0o 2 4 6 8 10 12 14 16 18 20 22
L Distance from grain boundary (pum) .
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