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Abstract. The paper focuses on the numerical simulation to predict the stress — strain analysis and elastic
parameters of composite materials reinforced by knitted fabric. Due to the symmetrical and repeating distribution
of thread loops, instead of focusing on entire fabric, we can form and analyse a generalized structure called unit
cell in order to use less complex computer programming. Numerical simulation in Solidworks is done on the unit
cell with given boundaries conditions and assumptions to determine the elastic properties of the composite unit
cell. A comparative study is also done by using T300 Carbon fiber thread and SY11/1 Steel thread and Hybrid
T300 - SY11/1 thread with epoxy as the matrix material with elastic modulus of 4GPa. Valid geometric
representations of loops are created by the Leaf and Glaskin Model. The effect of single and multi-thread on the
elastic properties of composite material are determined. The resulted elastic properties of composite materials have
shown that hybrid threads can be a better reinforcement for composite material with highest modulus of elasticity
of 9.35GPa. While single T300 Carbon fiber thread has higher elastic modulus of 8.48GPa compared to SY11/1
steel fiber of 6.09GPa. The addition of Hybrid T300 — SY11/1 reinforcement in epoxy improves the elastic
modulus and mechanical strength, while reducing the weight, making it the first choice of selection over other
metals and alloys.
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Introduction

Nowadays, composite materials with textile reinforcement have been used in different engineering
applications due to their relatively low fabrication technology cost. In a range of novel structural
applications, textile reinforced composites may replace numerous currently used metallic products.
Simultaneously, in many cases, textile reinforced composites are also competitive with traditionally
fabricated composites which use the prepregging, layers stacking and autoclave manufacturing methods.
Layered composites are performing relatively low tensile and shear strength in thickness direction
leading to low wearability, impact resistance and sometimes damage tolerance. All these problems can
be solved replacing them by 3D textile reinforced composites.

One of the promising directions in textile reinforcing is the knitted fabric-reinforcement technology.
Interest in polymer and brittle (concrete, ceramics) matrix composites, reinforced by such fabrics
increased recently [1-4]. As one of the major advantages of such technology can be mentioned the
possibility to produce complex shape products without having flanks in reinforcement at the stage of
material fabrication. That feature follows from the loose structure of looped material, which permits the
fabric easily to have the relatively large stretch deformation sand to adapt the complicated form shapes
[5]. [6]-

In general, two types of knitting can be exploited. Warp and weft knits can be used as the composite
material reinforcement, having enhanced properties in certain directions. In general terms, the weft-
knitted structures can be marked as more preferred in developmental work, owing to their superior
formability.

In the present work, a composite material having weft-knitted reinforcement will be under
investigation. Such materials are exhibiting high energy absorption and impact resistance. Thread loops
are arranged in structures. Contrary to the woven fabric in the case of a knitted fabric, strands are forming
loops. Fabric is highly deformable in all directions. The reason is — threads are not making any straight
line anywhere in the material. Several studies have analyzed the geometrical parameters of knitted
structures: models of Leaf and Glaskin [7], Munden [8], Kawabata [9] and Choi [10]. The model of Leaf
and Glaskin was used in this study.

The carbon and steel threads are used for composite material reinforcement. Numerical simulation
of mechanical properties is based on averaging procedures used in combination with some assumptions
about the internal structure of the reinforcing fabric [11-13].
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Numerical simulation of composites

The geometric description of the thread in the knitted fabric is determined by the use of the Leaf
and Glaskin Model. According to Leaf and Glaskin (1955) [7], the structural geometry of the fabric can
be defined if three geometric parameters, the wale number W, the course number C and the thread
diameter d are given. The wale number can be described as the step of fabric’s loops per unit length
along the width (in the course) direction, and the course number can be described as the step along the
length (in the wale direction).

CAD software was used to generate the geometrical unit cell of the knitted fabric model and
SOLIDWORKS software was used to create the numerical model based on FEM. Due to the
symmetrical and repeating distribution of thread loops, instead of focusing on entire fabric, the unit cell
is analysed, as shown in Fig.1, in order to use less complex computer programming.
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Fig. 1. Knitted fabric geometry (a) and unit cell of model used for simulation (b)

In this research paper, a structural composite unit cell model was geometrically created, meshed
and numerically calculated using SolidWorks software for longitude X and transverse Y direction. For
obtaining the elastic modulus, three different simulations were carried out using three different models
which are Carbon T300 knitted fabric, Alloy steel SY11/1 and hybrid T300 — SY11/1 knitted fabric with
epoxy resin as a matrix for all. For the simulation, the thread was considered as a homogeneous elastic
rod. The elastic modulus value for our two different reinforcements, Carbon fiber T300 and alloy steel
SY11 was taken 230 GPa and 210 GPa, respectively. On the other hand, the elastic modulus value for
our matrix epoxy resins was selected as 4.0 GPa.

Initially, the coordinates x, y and z were obtained for the first and second thread using equations
from the Leaf and Glaskin Model [7; 14]. Parameters for the knitted fabric with Carbon T300 fiber are:
the wale number W =225 loops-cm™, course number C=5.60 loops-cm® and the thread
diameter = 0.022 cm. On the other hand, the parameters for alloy steel SY11/1 knitted fabric are: the
wale number W = 2 loops-cm™, course number C =5 loops-cm™ and the thread diameter = 0.012 cm.
For our Hybrid T300 — SY11/1 model, the parameters W = 2.5 loops-cm™ and C = 5 loops-cm™ were
taken.

3D curve was obtained in Solidworks by inputting X, y and z coordinates for both the thread and
later connected by using the Spline function. Thread was simulated as a homogeneous elastic rod using
the sweep function that creates a base by moving a profile (diameter of thread in our case) along a spline
curve.

After that the extruded cut feature was used to cut down the unnecessary parts for the unit cell study.
The matrix of the weft knitted fabric was created as a cube of a thickness covering both threads. To
make hollo loop for the thread inside the matrix, the swept cut function was used. Finally, the assembly
of the thread and matrix was created in Solidworks Assembly.
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Boundary conditions are a crucial part for accurate result in any numerical simulation. Since both
components, the thread and matrix were in constant touch, contact bonded set was applied with no
penetration. For the outside surfaces for both studies on longitudinal and transverse direction, the left,
down and front face surface of the unit cell was fixed using a roller slider that implies that faces are
allowed to move freely into their own plane, but not allowed to move in the direction normal to the
plane. For the longitudinal X direction, the surface displacement of Uy =0.001 mm on the right face
normal to the right plane was given, as shown in Fig. 2a, and for the transverse Y direction, displacement
of Uy = 0.001mm on the upper(top) face, normal to the top plane of geometry was applied with restrain
to other planes, as shown in Fig 2b. For the front surface Uy = 0, while Uy and U, # 0. For the left surface
Uy =0, while U; and Uy # 0 and for the down surface U, = 0, while Uy and Uy # 0.

2)

Fig. 2. Boundary condition: a — in longitudinal direction b — in transverse direction

During the simulation, it was noticed that the results of the analysis, especially the stress value, was
highly dependable on the chosen mesh size and type. Curvature based mesh was generated with the
maximum element size of 0.03mm. Very fine mesh was generated in order to get accurate results. Fig. 3
shows the model after meshing.

a)

Fig. 3. Applied mesh: a—in fibre b — in matrix
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Results and discussion

The finite element analysis done on three different models gives an interesting result. The analysis
done on the created model of Carbon T300 fiber, SY11/1 alloy steel and hybrid T300-SY11/1 has
different results of elastic modulus. To calculate the elastic modulus, the simple Hooke’s law was used
with the value of stress and strain on longitude and transverse direction taken from Solidworks
simulation. The result of Solidworks simulation for longitude and transverse direction is shown in below
Figures 3 and 4. We can also see the boundary conditions of the applied displacement (in red) and roller
slider (in green).
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Fig. 3. Strees and strain in longitude direction for T300 Model
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Fig. 4 Stress and strain in transverse direction for T300 Model

Table 1
Result of simulation

Model Direction | Stress, N-m? Strain Elastic modulus, GPa
SY11/1 Alloy steel X 3.043E + 06 5.000E-04 6.09

Y 2.565E + 06 5.000E-04 5.13
T300 Carbon X 3.942E + 06 4.651E-04 8.48

Y 2.397E + 06 4.500E-04 5.33
Hybrid T300 - SY11/1 X 4.320E + 06 4.620E-04 9.35

Y 2.869E + 06 5.000E-04 5.74
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The result of the elastic modulus of the three different models from Solidworks is shown in Table 1
for longitudinal X and transverse Y direction. T300 Carbon reinforcement has a higher elastic modulus
in both directions than the SY11/1 alloy steel. Using the Hybrid T300 — SY11/1 reinforcement can give
even a higher value of the elastic modulus, what implies a better load bearing and stress absorbing
capacity.

Conclusions

Geometrical modelling based on the Leaf and Glaskin model was created in Solidwork software
and FAE based numerical analysis was done to obtain the elastic properties of knitted fabric. Epoxy
resin with the elastic value of 4.0GPa was used and was reinforced by SY11 alloy steel and T300 Carbon
fiber. A hybrid reinforcement of both fibers was also created. Results of the elastic properties for the
knitted fabric were obtained from the stress and strain value obtained from Solidworks.

The inclusion of reinforced materials in the epoxy matrix can significantly improve the elastic
properties and mechanical strength of the material. In this research, inclusion of SY11/1 fibre in epoxy
resin matrix improves the elastic modulus from 4.0 GPa to 6.09 GPa in longitudinal direction. While
inclusion of T300 has nearly doubled the elastic modulus of epoxy resins from 4.0 GPa to 8.48GPa.
Highest improvements can be seen in Hybrid T300-SY11/1 reinforcement with 9.35GPa. The improved
material has a wide range of applications, making it the first choice of materials in many industries.
More in-depth research and technological development are crucial to make the material and the process
more durable and cost effective.
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