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Abstract

The article comprehensively reviews some significant
researches in the weaving of functional fabrics.
Conventional 3D woven T-shaped preforms were modified
for improving joint/peel-off strength of associated T-
shaped polymeric composites. Preforms were modified at
weaving level by preferred yarns orientations for better
performance in  associated  composites.  Major
modifications studied are; the addition of supporting layer,
single or double-crossing in joint layers, and crossing
along with supporting layer (in a single sample). The
tapered circular tubular (TCT) woven fabric has been
applied successfully as the components in vascular
prostheses. The application of tapered tubular woven
fabric based on the existing weaving technology requires
the densification of a large end to ensure porosity
uniformity through the tapered tubule. Although the
previously proposed equal-cover-factor (ECF) design
technique overcame some disadvantages of the
conventional densification methods, such as the protruding
portions of the dropped yarns as well as the change of both
fabric porosity and tensile strength, the off-loom weft
density significantly deviates from the on-loom value.

Keywords: Polymeric composites, Weaving, 3D woven, T-
shaped preforms; Tapered, Tubular.

I. Introduction
The demand for high specific strength, fiber-reinforced
polymeric composite materials is growing drastically in
aerospace, marine, automotive, supports in biomedical and
ballistic protection applications, etc. Woven fabrics are the
first choice as a reinforcement for such high-tech
applications due to their high structural stability and
strength amongst all textile structurest.In the case of 2D
fabris the fabric thickness is insignificant in relation to the
length and width. Two series of yarns are involved in the
formation of 2D woven fabrics, of which one is the warp
(running longitudinally and weft (running laterally). 2D
woven fabric-based composites have captured a wide area
of applications due to their ease of processing in both
reinforcements as well as composite fabrication?. But low
tolerance to a high-impact load, shear load, and vibrations
limit the applications of 2D laminates, especially in the

applications where delamination is critically affecting the
performance3*.

In the design of different tubular-shaped products, weaving
is usually an adopted technique. During the past 3
decades, the automatic production method has been
effectively developed for cylindrical grafts, particularly
with regard to medium and large caliber vascular
prosthesis. However, the blood vessels were early seen as
tapered tubules with a variable diameter along their
longitude direction and a taper angle of about1® ~3° 56,
Moreover, hemodynamic studies showed that such a small
angle has considerable influence on the vascular wall
property and organic reaction, especially the flood flow
distributions along axial of tapered vascular’??. The
TCTwoven structure is typically utilized as the key
component in cardiovascular surgeons for repairing
portions of the cardiovascular system, including but not
limited to all or portions of the ascending aorta and aortic
root'314,

1. Weaving of modified 3d T shaped woven composites
To avoid these issues and complex shaping, the 2D fabric
is passed through a cut and stitch process by which
delamination is significantly reduced®. However, such
types of shaped preforms are not only laborious and
machine intensive, but the chances of defects, fabric
wastage, time, and energy consumption are also
increased’®. Also, a number of factors could be attributed
to shifting the shaping process to the loom/weaving stage,
such as discontinuity of yarns in the whole structure, fiber
damage by needle, and improper resin infusion in the seam
area. By on-loom (3D) shape weaving, the yarns are
continuous at the joints, thus rendering high strength with
the short and stable process of manufacturing’.3D woven
fabrics are placed in a separate class from 2D fabrics due
to their significant difference in thickness®. For the
development of 3D woven fabrics, the specialized loom
was introduced, which can handle three sets of yarns at the
same time, i.e., longitudinal yarn (X), transverse yarn (),
and vertical yarn (2)'*?°. But, owing to economical
limitations, their commercial viability continues to be
restricted. Multilayered 3Dwoven structures provide an
option and hold promise in the design of high-performance
preforms by a low cost and high-speed conventional
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weaving process. Basic principle governing multilayered
shaped preforms is drawing-in in multiple layers of yarns
through the loom in the foldedstate?’. Based upon the
ultimate shape necessary, chosen layers are stitched on a
loom by modifying weave design in a particular area, and
certain areas are set unstitched. The doffing of the fabric
from the loom is followed by unfolding and designing the
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required composite shape. A single web can be formed by
stitching all layers on a loom resulting in the formation of
T-shaped fabrics that forms joint of composite. Flanges are
formed by an equal division of the web that has no stitches
between the two halves ( Figure 1).
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Figure 1. 3D woven T-shaped fabric stitched on loom?

A number of aerospace components that include spars,
wings (to avoid buckling under load), wind turbines blades
(fatigue resistance), and boat bodies, are made from T-
shaped composites are employed intensively as stiffeners
and joints in aerospace applications. Flanges are interfaced
with the skin, and they are web provides backing and
bending resistance??®, The T-shaped composites suffer
from peel-off failure resulting from the stresses under
practical applications. Hence, the all-around performance
of the joint and stiffener is governed by the peel-off
strength of the T joint. In the case of wind turbine
application, the T-shaped stiffeners have been investigated,
and the fatigue resistance is considered crucial. With
regard to static and fatigue loads, the comparison has been
made on various 3D geometrics. In order to predict the
generation of crack and propagation behavior, a model has
been evolved and has lead to the conclusion that the point
where flanges intersect has the highest susceptibility to
failure. In the case of T-shaped composites used in small
boats, similar results for the failure mode of T joints have
been analyzed. Transverse stitching has been suggested for
enhancement of the strength of this portion. It has been
found that there has been a considerable enhancement in
flexural and tension properties. Currently, natural fibers
reinforced composites are the focus of research because of
their best cost to performance ratio, environment
friendliness, biocompatibility, and biodegradability?*.
Natural fiber reinforced-shaped composites with different
3D woven structures were compared in our previous
work?s,
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The findings related to peel-off strength have
revealed that T-shaped composites having layer-to-layer
stitching patterns possess better mechanical properties in
comparison with through-thickness stitching patterns. The
weakest point that is most prone to crack generation is
found to be the interface where the web splits into
two(encircled red in Figure 1). Upon examination, it is
found that the total strength of the T-shaped composite
equals the strength of the joint (weakest point) where two
layers are joining with one another. In order to enhance the
total performance of T-shaped composites, this joint
strength needs to be enhanced. In all possibilities, there
have been no alternations made in the preforms so as to
improve the strength in the joint area. This major emphasis
has been towards the addition of extra supporting
continuous (through the flanges)layer, the crossing of
layers on joint point, and the combined effect of both
modifications in a single sample to improve joint strength.
The strength of the joint has therefore been enhanced by
means of crack generation and propagation resistance of
modified. In order to obtain high-strength structures in an
economical way, alteration of yarn architectures offer an
easy option. A homogenized structure (S-H) having single
yarn in all threesides was also made as reported previously
as a controlled sample?s?’, Despite the fabrication of this
structure earlier, its comparison with other structures,
impact properties, and peel-off (of single-layer composite)
have not been investigated so far.

The production and characterization of 3D woven T-
shaped preforms and related proxy-based composites have
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been done. During the weaving process, fundamental
weave designs have been adopted with modification and
special layer-wise arrangements for the production of T-
shaped preforms. The stitched T-shaped composites in
loom state exhibit 38% greater peel-off strength in
comparison with unstitched 3D woven fabric-based
composites. However, in the case of unstitched
composites, specific impact energy absorption has been
found to be high. The addition of a supporting layer
increases peel-off strength by 15% and impact strength by
18.51%. Single and double-crossing between layers
reduces the peel-off strength by 5.1 and 1.03%,
respectively, but impact strength is improved up to 18.51
and 44.4%, respectively?. It has been found lower tensile
strength and elongation results from the locking of yarns
due to their crossing get locked by crossing. The greater
resistance of the crossed structure to crack generation and
greater stiffness result in greater impact resistance. The
single crossed structure along with the supporting layer is
considered the best variation for lower elongation, higher
peel-off strength, and impact energy absorption.
Supporting layer and crossed layer yarns resist against
stress together (for lower elongation of both structures),
thus increasing joint strength synergistically.

111. Weaving of tapered circular tubular woven graft
Conventional techniques of forming TCT woven structures
are manually cut and suture multiple standards are woven
tubular structures into required size and shape, or keep
constant warp density and change the number of warp
yarns, or keep the total number of warp yarns and change
the warp yarn density?>%®, Single fabrics having various
can be woven and stitched together to form a complete
tubule by means of the cutting and suturing method.
During the past few years, continuous flat-weaving
methods have been used to achieve a change of graft
diameter eventually. During the process of weaving, the
tubular sections with different shapes have been produced
from gradual changes in the number of warp ends
interlaced or non interlaced with the weft picks in the
design. Alterations in the graft diameter and/shape can be
achieved by gradually engaging and/or disengaging chosen
warp ends with the weft picks in the design. When the
fabric has been woven, the dropped yarns project from the
fabric surface, and hence the projected areas of the
dropped yarns are trimmed from the fabric. These contact
or non-contact warp ends cannot alter the tubule size in a
way that creates a seamless and gradual transition from
one diameter to another and produce undesirable voids and
gaps in the tubular wall. Obviously, the traditional
weaving techniques are allowed to make tubular woven
prostheses in single lengths or bifurcated structure, and the
transition from one diameter to another occurs at a single
point in the weave, creating a sudden change in the
weaving pattern of the fabric in bifurcated or multi-
diameter grafts, and have specific limitations as to the final
shape of theproduct3*32,

The other weaving technique to fabricate this graft is to
utilize shrink characteristics of yarns in a controlled
manner such that smaller diameter portions of graft are
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created through the shrinking of weft yarns®. On the one
hand, the taper can be formed by means of this procedure;
the non-uniform porosity and yarn spacing of the fabric
structure can pose issues in surgery or the long-term
durability of the prosthesis.

Also, the designer of these prostheses could get restricted
by means of the shrink coefficients of the yarns to design
geometries of adequate taper necessary for duplication of
the human vessels.

Hence, an abrupt split in the existing methods creates gaps
or voids in the weave at the splitting point, and a
continuous flat-weaving method of gradually shaped
tubular grafts has not been able to make diameter change
in a gradual manner and a continuous process. On the basis
of the ECF design, developed techniques manually
weaving tubular prostheses by changing the height of cloth
fell on the loom, which has smooth transitions from one
diameter to another diameter and avoids gaps and voids in
the tubular wall of the graft. In principle, this technique
provides a solution against fluid leakage in transition
areas®. However, the off-loom weft density of woven
samples showed an observable difference from the value
on loom®. Hence, it is required to primarily cut the relative
movement inweaving and to rebuild the shedding
geometric relationship.

On the basis of the ECF design and the basic shedding
geometry, this study will rebuild the theoretical movement
relationship among the front rest, and the cloth fell, the
backrest on the loom, and also provides a computerized
procedure on a customized rapier loom to automatically
weaving the tapered tubular woven fabric with uniform
porosity®®. The ECF design has been adopted, and the
geometrical relation between the cloth fell, the front rest
height and the take-up length has been theoretically
established in order to continuously weave the TCT woven
graft with a uniform permeability along with the graft. The
computerized weaving method has been evolved on a
customized weaving machine having a trapezoid reed and
has been based on this geometrical relationship.

It has been shown by the theoretical analysis that the
upward and downward movement of the front rest in
weaving results in the alteration of weft density. Hence, it
has been proposed to control the take-up length on the
loom that has been preliminarily assessed by weaving
many kinds of TCT graft samples with the modified
weaving parameter configuration. But, more implantation
investigations are necessary to assess the structure
uniformity, mechanical properties of the TCT graft
prepared, and their relations.

IV. Conclusion
T-shaped 3D composites produced by the conventional
method have been compared with innovative derivatives
on and off the loom. In order to study the orientation of
yarns and also study the samples from failure point after
testing, a microscopic study has been conducted. An
enhancement of about 47% in peel-off strength and about
70% in impact strength has been noted due to the
combined variation of crossing and supporting layers.
Modified T shapes offer a good substitute over T-shaped
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stiffener (used to avoid folding under loads) and in joints.
On the basis of ECF design technique and the basic shed
geometry, this study rebuilt the relative motion
relationship among the front rest, and the cloth fell, the
backrest, and the take-up length, and modified the weft
density on the loom to achieve continuous weaving
process of TCT fabric as well as the uniform porosity. And
then, a computerized weaving procedure based on the
rebuilt relationship was developed to automatically weave
TCT fabric with different weaves on the customized
shuttle loom. As a result, the uniform porosity of those
samples validated the proposed weaving techniques.
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