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Abstracts

In this work, virtual material characterization of 3D orthogonal woven composites is performed to predict the
elastic properties by a full scale FEA. To mode} the complex geometry of 3D orthogonal woven composites, an
accurate unit structure is first prepared. The unit structure includes warp yarns, filler yarns, stuffer yarns and
resin regions and reveals the geometrical characteristics. For this virtual experiments by using finite element
analysis, parallel multifrontal solver is utilized and the computed elastic properties are compared to available
experimental results and the other analytical results. It is founded that a good agreement between material
properties obtained from virtual characterization and experimental results. Using the method of this virtual
material characterization, the effects of inconsistent filler yarn distribution on the in-plane shear modulus and
filler yamm waviness on the transverse Young's modulus are investigated. Especially, the stiffness knockdown of
3D woven composite structures is simulated by virtual characterization. Considering these results, the virtual
material characterization of composite materials can be used for designing the 3D complex composite structures
and may supplement the actual experiments.
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(a) ey distributions (b} o distributions (c) section of ¢ distributions

Fig. 4 Results of pure tensile test for E;
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(a) ez distributions (b) 012 distributions (c) section of o2 distributions

Fig. 5 Results of pure shear test for Giz

Tensile

Matecal Ee Ep(=Ep) Gupi=G) G ‘e Vo SRS
(GPa) (GPa) (Gpa) @) (=17p5.) F, opa)

Fiber 220 138 1135 55 0.2 025 3102.3

Matrix 22 22 0815 0.815 035 035 159

Table 1. The mechanica! properties of the composite constituents

ET GLT

Ve, <§n s (glfip \.?T vz
(GPa)__(GPa) =\izy

Smffryarn 804 17731 893 486 345 02294  02%45

Filler yarn 682 10 7134 349 275 024m 03087

Wapyam 5914 13100 622 285 236 02613 03167

Matrix 22 22 0815 0815 035 035

Table 2. The mechanical properties of each yarn and matrix

E1 E2 E3 s . Gz G23 G13

o Gea_GPa (GPa_ V2 V3 VB b (GPa) GRa)
XYZ 3839 f0ss 932 00N U2LS 6206 1658 1803 188
YNZ 3850 5082 961 UM @2 026 1647 1747 LSS
FEA 3970 $109 <35 0Q3 0285 0288 2307 1863 1564
NYZ 5283 5988 145% 0032 0156 0155 1838 1233 2289
YXZ 5261 5979 1433 0032 0157 0184 1S40 2427 2389
UmtcelllS]  ZNY 5381 6044 1400 0034 0189 0162 282 2082 1928

ZYN 5201 6038 1400 0034 0160 0461 252 1§77 2088

FEA 5276 6025 1400 003 0161 0163 15 1263 343

Ep[5] 1097 4730 0.015

Virtual 063 4900 32 0037 034 030 113 19" 24
Experiments

Lamumate
block [5]

Table 3. The obtained elastic constants
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Fig. 11 o2 distribution in the finite element

! o model including filler yam waviness
Fig. 7 012 distributions in Fig. 8 012 distributions in

model A model B

]
i

1

1

1
745824E-
3.50447E
79930%E

SRRFFRIARR

Fig. 9 FEM image of 3D orthogonal woven composite structures
Fig. 12 ez distribution in the finite element

model including filler yarn waviness

Fig. 10 The schematic drawing of unit structure C
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