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Abstract

The need for significant improvements in intra- and inter-laminar strength, damage resistance
and the large scale economical manufacturing of structural composites resulted in the
emergence of textile structural composites. In this work, the problems associated with
delamination in three different areas of the composite applications are identified and an
attempt is made to provide an integrated solution through 3D woven reinforcements that can
enhance their performance and service life. To overcome the issues concerned with handling
brittle fibers like glass and carbon during weaving, in this work all preform manufacturing
trials were carried out using polyester yarns as a reinforcing material. This thesis work is
divided into four research modules in which the first module is aimed at studying material
properties and the rest three modules are focussed on structural integration and to study the

aspects of preform geometry in designing composites for various structural applications.

The first module of this research work is aimed at exploring the possibilities of using
polyester as a reinforcement material in substitute to glass fibers (which is most commonly
used material to develop preforms). High tenacity fully drawn polyester yarns and E-glass
yarns, both of 300 Tex linear densities were selected and their mechanical properties were
subsequently analysed in raw form and in unidirectional reinforced epoxy based composite
form. Tensile tests reveals that the fiber and matrix under tensile loads in both the specimen
cases, work as a single unit and fail altogether with fiber breakages more prominently sighted
in both the cases. Flexural test reveals that the polyester-epoxy material combination can
encompass excellent toughness (residual strength) properties which were in contrast to the
typical brittle behaviour of glass-epoxy composites. [zod Impact tests interestingly revealed
that, the polyester-epoxy showed better energy absorption than the glass-epoxy composites

due to its ductile properties which dominantly assisted in plastic deformation of the specimen



prior to fracture. It was evident that the polyester-epoxy material combination exhibited the

ability to perform well even in the presence of fractures and damages.

The next module of this research was aimed at developing woven fabrics with integrated
stiffener sections of four different configurations namely Flat T bar, Split Tube, Inverted
Channel and Hull channel were produced using modified face to face weaving principle. The
fabric samples were resin impregnated to consolidate them into to composites using a
standard hand lay-up technique. The geometrical parameters like thickness, unit mass and
fiber volume fraction (FVF) were formulated hypothetically through meso-mechanical based
modelling approach. Flexural analysis of the composite structures showed a very good
flexural stability with the flexural load being increased in the range of 150 — 250% in
comparison to unstiffened 2D structures. The fracture morphology observations indicate that
the damage patterns of the structure vary with the dimensions of the stiffener sections and
hollowness within the structure. These structures can be used as structural load bearing

elements in resisting out of plane bending loads along with maintaining structural integrity.

The next module is aimed towards the modification of conventional weave architecture to
produce 3D woven spacer fabrics with three different configurations of vertical connecting
walls. Following weaving process, the fabric samples were converted to composites through a
standard hand lay-up technique. To corroborate the structural appropriateness of the
developed structures, their mechanical properties were investigated through flat-wise
compression and three-point bending tests. The experimental results from these tests point
out that the spacer structures with augmented cores demonstrated a significant increase in
their compressional and flexural performances in comparison to sandwich composites made

from spacer structures with single connecting wall.



The next module is aimed at the development of integrated single piece woven preforms for
reinforcement in designing composite wing structures free from assembly components. The
proposed fabric structures are designed and woven in the shape of an aerodynamic wing
profile which consists of two outer skin sections integrally connected together by shear webs
sections to form a single piece wing structure. The fabric preforms were further converted to
composites followed by a smooth surface finish using NC putty and painted to get the final
single piece wing prototype. The developed wing prototypes were taken for lab scale Wind-
tunnel testing to determine their aerodynamic characteristics. Further, t-peel test was
performed to study the junction strength and delamination resistance of the structure. The
findings from the T-peel test indicate that the junction of the structures is peel resistant due to
structurally integrated skin and core fabric sections thereby, preventing delamination prone
failures. It was evident that the proposed integrated wing structure is attributed to zero
chances of failures due to delamination unlike traditional laminates and enhanced structural

homogeneity without the presence of assembly materials.

Undoubtedly, the test results related to mechanical performance and fracture morphological
studies of the composites have proved that the 3D woven fabric preforms which are built to
near net shape perform significantly well under design loads. Unlike brittle failures in galss
reinforced composites, the ductile behaviour of polyester- material combination has proved
that the structures can exhibit load bearing capability even in presence of a fracture.
Furthermore, polyester can be acquired from the recycling of scrapped plastics which is
abundantly dumped in the landfills causing environmental imbalance. This research work
focused on promoting polyester as a reinforcing material can be an experimental database for
most of the manufacturing companies that uses recycled products as their raw material in

order to leverage the growing quantity of hazardous wastes.
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