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Establishment of design method for mechanical properties of microcellular foam
material by homogenization of microstructure
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The purpose of this research is to develop a homogenization numerical
simulation methods for mechanical characteristics, such as stiffness and strength of microcellular
foam materials which contains microscale air voids.

Mechanical characteristics of foam and matrix materials were evaluated by mechanical loading tests

of microcellular foam. A 3-dimensional homogenized finite element analysis program which is possible
to apply the periodic boundary condition of microstructures was developed. Proposed analysis method
is possible to predict the stiffens in finite strain region considering the microstructures.



MCF
MCF

MCF
300p m
(1) MCF
MCF
MCF
MCF
0.1 g m
2 MCF

MCF

MCF

3
TEMA3D




Truncated octahedral unit cell

(1) MCF

MCF
1 FEM
Fortran (558 Ganalysie)| o -
0.006 5.94% (test)
NCF Foms |- i)
20004 |- 4 e
o 7 4.52% (test)
Z 0003 |- % o —
1 E - —07" [3.73% (analysis) |
5 0002~ _ = o | 3.73% (analysis) |
0001 = il 3.73% (test)
’ A
0,000 ! ! ! ! |
0.00 002 004 006 008 0.10
Nominal Strain
2 FEM
2
0.10 /
@ et g oo J
= E=0.0023962xp2 ./
3 2 0.06F N
2 \ )Z{
= \ d
40mm ®  0.04r s
[0 \ ’
AG-20kNXplus = y/Q
0.6 - 0.02}- Ve E : Initial stiffness
0 /—/ p : Relative density
0.00 Seatli | ! | |

0 1 2 3 4 5 6 7

Relative density[%]

3

Gibson  Ashby(1999)
6

Akihiro Matsuda Sho Oketani  Yuki
Kimura  Akitaka Nomoto  Effect of
microscopic structure on mechanical
characteristics of foam rubber

Constitutive Models for Rubber:
Proceedings of the 10th European
Conference on Constitutive Models for

Rubbers pp- 575-579 (2017)
Sho Oketani Akihiro Matsuda
Akitaka Nomoto Yuki Kimura
Three-dimensional homogenization

finite element analysis of open cell



polyurethane foam Constitutive
Models for Rubber: Proceedings of the
10th European Conference on
Constitutive Models for Rubbers

pp. 581-586 (2017)

Akitaka Nomoto Hiroki Yasutaka Sho
Oketani AKihiro Matsuda
2-Dimensional  homogenization FEM
Analysis of hyperelastic foamed
rubber  Procedia Engineering

Vol. 147 pp. 431-436(2016)

Ryuya Shimazu Hiroki Yasutaka
Akitaka Nomoto AKihiro Matsuda
3-dimensional  homogenization FEM
analysis of hyperelastic low density
polymer foams Constitutive Models for
Rubber: The Proceedings of the 9th
European Conference on Constitutive
Models for Rubbers pp-675-681
(2015)

Kohtaro Kobayashi  Takahiro Isozaki
Akihiro Matsuda Yoshinobu Mizutani
Yasuhiko Hori Lifetime prediction of
EP and NBR rubber seal by
thermos-viscoelastic model
Constitutive Models for Rubber: The
Proceedings of the 9th European
Conference on Constitutive Models for
Rubbers pp-91-96 (2015)

Akihiro Matsuda Development of
anisotropic hyperelastic model
considering stress softening

Constitutive Models for Rubber: The
Proceedings of the 9th European
Conference on Constitutive Models for
Rubbers pp- 265-270 (2015)

13

30 No.
240(2017.9.16)

FEM
30 No.
240(2017.9.16)

FEM

2017
No. D-5 2017.11.9

FEM

2017 No. D-5
2017.11.9

56

1201 (2017.3.16)

56

1102 (2017.3.16)

3
FEM
M&M2016
0S03
0S03-01(2016.10.10)

FEM
M&M2016
0S03
0S03-02 (2016.10.10)

FEM 24
No. 902
(2016.8.26)

55
311 (2016.3.10)

22
0S0501 (2016-3.10)

2015
No. B-22(2015.10.30)

54



318 (2015.3.20)
1

5 S&T
ISBN 978-4-907002-55-8 (2016)

o 0
o 0
@

MATSUDA, Akihiro



