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Numerical Simulation of Nonlinear Mechanics Behavior for 2D Weave Composites

ZENG Xianglong WANG Qizhi

(School of Aeronautical Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191)

Abstract
At first,according to the scanning electron microscope (SEM) photograph and the density into the material , the geo-

Considering the defect into fiber bundle and outer matrix, a multiscale unit-cell model is establiashed.

metric dimensioning of the unit-cell of fiber bundle and composite is confirmed. Then, introducing into the periodic
boundary condition, the initial modulus and strength are calculated by using the fiber bundle unit-cell containing de-
fects. At last, using the composite unit-cell model which confirming geometric dimensioning by SEM photograph, the
stiffness is predicted by the material parameters from previous scale.The stiffness matrix of the damaged unit-cell for fi-
ber bundle was established.The damage evolvement method by introducing damage variables of different damage modes
were considered as the progressive damage of the material integral points.It was analyzed and discussed by comparing
numerical predictions with experimental data. And the damaged material properties under uniaxial load are given at
last. The results indicate that numerical simulation of the nonlinear stress-strain behavior based on Hashin failure crite-
ria with various damage modes gives good agreement compared to experimental results.

2D woven,C/SiC composites , Hashin criteria, Mesostructure , FEM method
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Tab.1 Boundary conditions imposed

boundary elastic coefficient

conditions of equivalent matrix
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Tab.2 Geometrical parameter of fibre bundle mm
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Tab.3 Material properties used in

finite element model

material type  E,/GPa E,/GPa E./GPa PR,
T300 13.8 13.8 221 0.25
SiC 350
material PR, PR tense strength compress strength
type /MPa /MPa
T300 0.0125 0.0125 3530 3530
sic 0.3 330 3306"

Explement ; 1) Superior technical ceramics corp.
x4 FHRREFEVEHER
Tab.4 Material properties in different direction of

finite element model

E,,/GPa E/GPa G, /GPa G . /GPa PR, PR,

35.53 264.57 4.8 9 0.2853 0.0379
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Fig.3 Fiber bundle progressive damage stress-strain curve
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Tab.5 Strength in different direction of fiber bundle

direction strength/MPa ultimate strain
x/y 113.961 0.006
z 2281.85 0.0156
xy 96.15 0.045
xz/yz 126.92 0.0192
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Tab.6 Stiffness degradation of Hashin criteria
mode of failure D, D, D, D, D, Dy
M1 0.21 0.21 0.21 0.1 0.1 0.1
M2 0.9 0.9 0.9 0.8 0.8 0.8
M3 0 0.9 0.9 0.8 0.8 0.8
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Tab.7 Volume fraction of composite unit-cell

in different part vol %
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P sic ’
in SiC fiber bundle in fiber bundle
28 15 40 14 3

*x8 EAMHEBERE/LASH
Tab.8 Geometrical parameter of composite unit-cell

mm

R, h a b g t

0.7125 0.3 0.3 0.15 0.0708 0.01
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Tab.9 Experimental data compared to calculated data
E,(E,) E; G, G5(Gyy)
/GPa /GPa /GPa /GPa

Mo H3(fa3)

Ml 107.06  9.43 52.75 15.75 0.1
SE¥y 98.2~135 10.25 31.5~9.87 26

0.4845
0.03~0.1 0.49
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curves compared to simulation
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Tab.10 Change of material properties for C/SiC composite under uniaxial load

load/MPa E,,E,/GPa E;/GPa G,,/GPa Gy3,Gy/GPa T s ks
0 107.06 9.428 54.75 15.746 0.13548 0.44843
20 107.06 9.428 54.75 15.746 0.13548 0.44843
40 107.06 9.427 54.72 15.744 0.13548 0.44843
60 107.02 9.221 53.74 15.658 0.13453 0.44557
80 103.27 8.757 42.75 13.652 0.1253 0.40892
100 89.49 7.602 28.45 6.630 0.10789 0.30841
120 70.96 6.591 20.5 4.713 0.08837 0.23319
140 60.9 5.760 17.77 3.839 0.07737 0.19114
160 56.36 5.029 15.91 3.054 0.07437 0.15259
180 53.76 4.257 14.63 2.44 0.07137 0.11559
200 53.24 3.878 13.67 2.133 0.06937 0.08906
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