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Sequential observation of porosity closure during hot compression of thin disk specimen by
Synchrotron X-ray laminography and FEM analysis

P g T I Pl B

Keisuke WATANABE, Hirofumi IDE and Morihiko NAKASAKI

Synopsis: The shape change of the porosities due to hot compression formed inside ingots of carbon steel S25C and
stainless steel SUS316L was sequentially, nondestructively and three-dimensionally observed by synchrotron X-ray
laminography. As the result, it was revealed that closure of porosities was easier in SUS316L than in S25C. In
addition, when the compression ratio increased, originally high aspect ratio porosities (length/width ratio,2/w > 2.5)
became decoupled. Larger porosities were more readily closed than small ones with small compression ratio. As
the result of verifying the difference in closure behavior between S25C and SUS316L by Finite Element Method
(FEM), it was demonstrated that the hydrostatic integration was larger for SUS316L of which work hardening
coefficient was smaller. This result was consistent with the experiment result that porosities of SUS316L tended to
close easily.
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Table 1 Chemical composition of S25C and SUS316L.
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Fig.1 Observation area of hot compression test specimen.
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Table 2 FEM analysis conditions.

FEM code

DEFORM 3D™

Compression temperature

$25C: 1200°C  SUS316L: 1250°C

Flow stress / MPa

$25C :6=51.1M1610-161, SUS316L :6=73.400620106

Type of elements

4 node tetra hedral element

Friction coefficient

m=0.50 (shear)

Velocity / mm-*s! 1.0

Compression direction

i | 0.5mm
A

AT

Fig.2 FEM model for hot compression test analysis.
(1/16 model)
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Fig.4 3D constructed images of porosities obtained by

Fig.3 3D constructed images of porosities obtained by
Synchrotron X-ray Laminograph method at the

Synchrotron X-ray Laminograph method at the
compression ratios of 0%(a), 10%(b), 20%(c), compression ratios of 0%(a), 10%(b), 20%(c),
30%(d) for S25C. 30%(d) for SUS316L.
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Fig.6 Configuration change of high aspect ratio porosity in compression for S25C and SUS316L .
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Fig.7 Porosity volume changes during hot compression
for low aspect ratio and high aspect ratio.
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Fig.8 Changes in the total volume (a) and the number
(b) of porosities for S25C and SUS316L.
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Fig.9 Relationships between porosity length/width, £ /w
and total porosity volume, Vp at 0% compression for
S25C(a) and SUS316L(b).
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Fig.11 Number of low aspect ratio porosity(a) and high
aspect ratio porosity(b) for S25C and SUS316L.
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Fig.12 FEM analysis results of hydrostatic integration,
Gm* during hot compression for S25C and
SUS316L.

ZEREL ML,

RIS, WINTAAHHRDEDHHBED T & € egE D UICIT
N=8E on/0eqDBEMKERZFig.13ICR 9, S25CE
SUS316LZLtB T &, MUBHOTH. ERDOISH=
BEIISUSIIGLDIESAKRE L\ BKEBDGnIEIN
SDENMECTHDZEND. S25CESUS316LTEIKE
BAGm ICENRNIcEZEZOND, 30%MIBFDHEHE

Sanyo Technical Report Vol.25 (2018) No.1



AR ERRRS DSB ARG A NEZREAZEDMXIR S I / I 57 1 —EIC K DBRBRES L OFEMBET

=
o

c o o
V8] fe) n
T T

N,
LY
AY

Equivalent strain, £,
(=)
[
T
N

# $25C

=
=
T

= = =5U5316L

0 1 |
0 10 20 20
Compression ratio / %

wooN e o
[an] [an] [an] [an]
T

. ,
itress trixiality, 0,,/0eq
I
o
T

50 | —
R 525C
A0 - CiiCTA i
T = = = 3Jb>310L
80 | |
0 10 20 30

Fig.13 FEM analysis results of equivalent strain,
€ eq(@) and stress trixiality, o m/ 0 eq(b) during
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at 30% compression for S25C and SUS316L.
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