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Image-based nodal-integration finite element method for non-linear analyses of composite materials
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We propose an integrated procedure for image-based non-linear analysis of composite materials with the
nodal-integration finite element method (NI-FEM), which is named the “image-based NI-FEM”. First, we
introduce the NI-FEM based on node-based approximation in place of conventional element-based FEM,
and explain the method of imposing the compatibility conditions at material interface. Secondly, the com-
putational implementations of image-based NI-FEM are presented for realizing seamless modeling and
analysis for composite materials by means of the level-set function and Delaunay triangulation. Finally,
after carrying out several peformance assessment of NI-FEM for the analysis of elastic-plastic composite
materials, we demonstrate the capabilities of the proposed method to characterize the non-linear material
behavior of composite materials in conjunction with the homogenization analysis.

Key Words : NI-FEM, CST-mesh, image-based modeling, level-set, Delaunay triangulation,
elastoplasticity, homogenization method
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(b) Modeling material interface in NI-FEM
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(a) Example of micro-structure  (b) Result of image-based modeling
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Zehb, RIZENFEM LHELT, ERHAEY — -
FHERRRE & BITREBRIZ/NE S THB, KEERIERE
FEATIC ST 2 BEALMERRD b D,

4.2 WEHEAMBOTILF Iy —ILEERTH
B-12 1 FEn5 L 9%, FROTHRETICEITS
v/ aARr—LO—E#5EYBEERTETDE. v/
&L, BE—oW1 RUIBERTET VLTS, 2
s uiEEx, AR OG) IRENS LD, B - N
Y - ERCHERINIBEBHEESHETHY, Kin
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BEMTREL LT, <7 -0 RiRzR
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Force displacement: 1.5 mm

T T Matrix (Elastoplasticity)
R Young's modulus: 10 GPa
T Poisson's ratio: 0.20
- ST ri:/ Initial yield stress: 30 MPa
g \ ‘\\ , 21 )Lr -H;‘ | Hardening parameter: 1 GPa
§ ’ y NI '\//—,\ Inclusion (Linear elasticity)
~ - N Young's modulus: 50 GPa
Sr o - - Poisson's ratio: 0.20
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atrix Inclusion

(b) Micro-structure and result of image-based modeling
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~ (A)Load step: 14/50Q

e I

(C) Load step: 50/ 50

®-14 I 70X —ilBiT3HEYBEOTAOER

KB FEOBRROBKKIL, 7 oiEBEnE B, S
U ALV RIZETAAL « e NTF R — VBN EIT LD
T LA T, #EROEFRS—ADFEM R 7 & /LE
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MBLORFAT - FERIERRITICRT L CEL 2R TH 5.

E
AL, FB—EFED BARNRASFFHIER T
bol-HMIIThh, FRPIEREREOEMZLY
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- > > >
ko likoliie)
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e
“— <«
1 MPa

40 mm

Young's modulus: 30000 MPa
Poisson's ratio: 0.30 or 0.499

(a) Beam-like elastic solid model

N

(b) CST-FE mesh (143 nodes, 234 elements)

N o e b

(c) Polygonal mesh for NI-FEM (143 nodes)
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F-2 y FRENL & FOBREDE
v=03 || Displacement (mm) | Error (%)

Reference 8.9500E—-02 —_—

CST-FEM 8.3598E—-02 6.59
NI-FEM 9.3857E-02 4.87

v = 0.499 ” Displacement (mm) | Error (%)
Reference 6.7500E—-02 —_—
CST-FEM 1.8771E-02 72.2
NI-FEM 7.0911E-02 5.05
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CST-FEM

(b) Comparative study in the case of plane strain (v = 0.499)

B-16 ZOEFK (x50) & von-Mises FH¥4 IS5 Hi
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(a) Heterogeneous body with periodic micro-structure

Homogenization
J €e—0
,

(b) Macro-structure
(Equiv. homogenized body)

(c) Micro-structure
(Unit-cell)
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RET S &, HhBlE X 0Ll - Kuhn-Tuker JHED
BT - BRI T O X S lcR S 5.

& = @D

(IL5)
do

&=, TD (IL6)
dq

£<0, y20, yf=0 (IL7)

TIT, & HEMOTREE, ¢ BT A—F, a
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