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Abstract:

A combined beam model representing the periodicity of the microstructure and micro defor

mation of 3D woven composites is developed for predicting mechanical properties. The model considers

the effects of off axial tension/compression and bending/shearing couplings as well as the mutual reac

tions of fiber yarns. The method determining microstructure by using woven parameters is described for

a typical 3D woven composite material. An analytical cell, constructed by a minimum periodic section of

yarn and interlayer matrix, is adopted. Micro stresses in the cell under ir plane tensile loading are obr

tained by using the proposed beam model and macro modulus is then obtained by the averaging method.

M aterial tests and a 2D micro FEM analysis are made to evaluate this model. Analyses reveal that micro

stress caused by tensile/ bending coupling effect is not negligible in the stress analysis.
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3D woven composites have the advantages
over laminate composites in higher damage toler
ance and impact resistance due to reinforcement in
the thickness direction. They have been finding irr
creasing applications in high performance structures
such as aerospace, automobile, and sports equip
ment.

T he mechanical properties of 3D woven com-
posites depend upon properties of constituents,
fiber volume fraction, microstructure and waviness
ratio of fiber yarns. Several models, classified into
two categories, analytical estimation or numerical
prediction, have been advanced to predict mechanr

cal properties of 3D woven composites[l-m]. Most
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analytical models are based on classical laminate

. For example, Whitney and Chou'"

’[heolry[2
simplified the crimpled fiber yarns in 3D woven
composite as inclined straight laminates along the
fiber yarn thus the curvature effect was ignored.
Yang[ >7 and Yan'®® took curvature of fiber yarn
into account in their model by viewing fiber yarns
as curved laminate, and the average elastic proper
ties were then obtained by integrating stiffness con-
stants along crimple yarn. Yi and Ding'? defined
four sub-unit cells, named warp, filling, stuffer
and binder for textile composites, and the elastic
properties of several types of 3D woven composites

were obtained by combining these four subrunit
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cells in patterns representing the microstructures.
It is found that, however, the existing theoretical
models, including those mentioned above, do not
take the bending stress of yarns into account, ex
cept in Chou’ s work of studying plane woven com-
posites“o’ ,

With respect to the numerical category, FEM
is most commonly used. For example, a binary
model was suggested by Cox et al''®, in which
fiber yarns were modeled by bar elements and ef
fective matrix by brick elements. Though 3D brick
elements are widely used in analysis of plain woven
and 3D braided composites, its applications to 3D
woven composites have been rarely seen thus far.

In this paper, a shear/bending coupling com-
bined beam model representing periodic restrain
condition of 3D weave composites is suggested.
T he element contains two phases, one is a fiber
yarn and the other is resin, or transverse fiber
yarn, or the combination of them. In the model
bending and shear stresses introduced by tension/
bending coupling of fiber yarns are considered. Due
to the capability of describing detailed micro stress,
this model has potential to be further developed for
strength and dam age analysis of 3D woven com pos

ite.

1 Combined Beam M odel with

Periodic Restrictions

1.1 Bending/ shear coupling of combined
beam elements
The microstructure of a typical 3D composite
is shown in Fig. 1. In the interior region, the adja
cent warps (or wefts) are parallel to each other and

packed periodically. For convenience, in the weft
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Fig. 1 The microstructure of a 3D woven composite

cross section plane shown in Fig. 1(a), warpis re-
ferred as phase one while weft and resin as phase
two. In warp cross section plane depicted in Fig. 1
(b) the phase one becomes weft while warp and
resin compose phase two. In micro view, both
structure and deformation under irr plane loads are
periodic. T herefore, repeated unit cell method is
used in mechanical analysis. The practical analysis
cell is adopted as a half part of the smallest periodic
section of the material due to symmetry. The dark
color region of ABCD in Fig. 1( a) is the analysis
cell in warp direction, while the region of A"B ¢’
D" is the analysis cell in weft direction. The cells
contain a half wavelength of the fiber yarn and two
layers of a half thickness of phase two. The fiber
yarns are in waves thus introduces bending under in
plane tensile or compressive loading. Deformations
of analysis cell include both off axial tension/ com-
pression and bending characterized by models of u-
nidirectional composites and beams, respectively.
A beam element model combining two phases is
proposed herein. The element is composed of a sec
tion of fiber yarn and two layers of a half thickness
of phase two. Forsimplicity, the beam element de-
veloped here is straight. T herefore, the curved cell
should be segmented into a series of these straight
beam elements. The components of phase two in
an element depend on the element’s location in the
cell. As shown in Fig. 1, the beam’ s phase two
contains only resin if it is in the central part, while
the element’s phase two may include transverse
fiber yarn only or the combination of fiber and resin
if it is located near the end.

As shown in Fig, 2, the bending of fiber yarn
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