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ABSTRACT

In this research, 3D fabrics were investigated for their possibility of numerous structural
variations using weaving technology, adaptability of these 3D preforms to form a particular
geometry, characterization of these preforms as well as their composites and finally theoretical
analysis of tensile behavior of basic orthogonal and interlock structures by Solidworks and

Ansys software with experimental validation.

The first module of this research work was aimed to study the mechanical performance of
preforms. From the results of the preform tests conducted, it was undoubtedly evidenced that
stuffer tows were mainly responsible for warp way tensile applications. Fabric cross over
points had a dominating role in deciding the impact performance. Knife penetration
characteristics were more influenced by tow linear densities and number of tows per unit width
of the fabric than the influence of fabric cross over points as noticed in case of impact analysis
of the fabrics. In a generalized way, it is concluded that thickness of the preforms must be

sufficiently higher in order to avoid binder extension during tensile applications.

Another important characteristics of the preforms in terms of formability was studied with
these samples in the next module. Scientists defined formability as the ability of a preform to
attain complex 3D shapes, particularly for composite applications. For comparison purpose,
forming energy was chosen as measuring index which was obtained from the area of the load-
deformation curve. In this work, all the eighteen different types of 3D fabrics (six of different
weave designs, six of different stuffer layers, and six of different FVFs of orthogonal and
interlock designs) were tested for the determination of forming energy. A special attachment

was fabricated and mounted on INSTRON 3365 tensile testing machine and the preforms were



tested in compression mode upto a fixed deformation level. Fabric cross over points were found
to be the dominating parameter for the results of forming energy. It is established that bending
rigidity can provide the most relevant information to assess the formability of preforms related
to a representative process of pressing a flat fabric into a hemispherical form. This work was
done with different weave designs of 2D preforms made up of graphite fibres. Hence in this
work, exploration of 3D fabrics of various weave designs were attempted for necessary
correlation with the bending rigidity results. Excellent correlation was observed in these two
properties like the earlier work. As it was found that fabric cross over points had a major role
to determine the forming energy, the former one i.e. the fabric cross over points were correlated
with bending rigidity as well as forming energy. Reasonably good correlations were obtained
in both the cases. However, correlation was higher between the cross over points with the

bending rigidity in comparison to the other one.

As the end use of the 3D preforms are supposed to be into composites, these prepared fabric
samples were subjected to composite preparation with epoxy resin and tested for tensile,
bending and impact analysis in the next module. The interlacement patterns of binder tows
facilitated different resin rich regions as well as different cross sectional shapes of weft tows
as observed from microscopic images. Due to some larger resin rich regions, some composites
resulted non-uniform failure during tensile testing. During flexural testing, the more angular
movement of the binder tows eased them to act like a truss and improved bending properties.
Coarser binder tows probably required more energy to bend. The impact properties of
composites resulted same as that of the results of preform analysis. Considerable gain in impact
energy was there in case of all weave designs, stuffer layers, and FVFs in the composite stage

in comparison to their preform stage. However, in case of higher stuffer layers (4 and 6) and



FVFs (50% and 60%), the reverse is the trend. Also there was substantial gain in ultimate
tensile strength in composite stage to their preform stage in case of all weave designs, stuffer

layers, and FVFs.

The final module was concentrated for the theoretical analysis of tensile behavior of two basic
designs of orthogonal and interlock fabrics. Finite element analysis was carried out as it is a
powerful and established tool to predict the mechanical properties of materials. Hence two
basic models were prepared in Solidworks 2015 software as per the specifications of the
geometrical modeling and imported to Ansys workbench 16.2 for simulation. It was observed
that the simulated results were comparatively more than the corresponding experimental
results. This was probably because of the peculiar characteristics of textile structures like yarn
crimp, exact cross section, and correct contact area of constituent yarns. Further, the micro
structure of 3D fabrics is really very complex. Hence FE methods need to be further improved

incorporating these features of textile structures and then experimentally validated.
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