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extensive research. Following its conclusion, the impact test was assessed to have
lasted a total of 6 e-5 seconds. A significant transformation has taken place in the
energy that is emanating from the hourglass. The value decreased progressively from
3.5e-7Jat 0 seconds to 1 e-5 seconds prior to reaching a stable state. A novel maximal
strain of 0.0003 mm/mm has been identified as being achievable through the
application of elastic strain. It is feasible to obtain this novel maximal strain. An
empirical investigation revealed the application of a cumulative force measuring
7868.7 N. The structure has experienced a complete deformation of 0.0014 mm in the

Keywords: midsection as a direct result of the simulation implementation. The present value of
Plain weave e-glass; impact response; tension is an unprecedented maximum of 0.0013 mm, which is the highest value
von-mises stress; total deformation conceivably achievable.

1. Introduction

Due to their multi-directional load bending and impact resistance, 3D woven composites have
become an important component in construction as a result of recent advances in the science of
composite materials. Researchers in the aerospace, marine, civil, medical, armour, and smart
structure sectors frequently choose them because of their superior out-of-plane mechanical
properties, resistance to damage and delamination, and impact resistance[1]. This is in comparison
to the behaviour of regular 2D laminated and woven composites [2]. The through-thickness direction
of a woven fabric, its impact damage tolerance, and its resistance to delamination are all areas in
which the fabric may be modified to fulfil the requirements of a specific structural application [3,4].
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Moreover, woven constructions are more resistant to damage brought on by collisions than other
types of structures. There is a chance that the combination of a high number of different types of
fibersinto a single preform may result in improvements to the mechanical characteristics, particularly
the resistance to impact [5]. Researchers are able to tailor a broad variety of composite properties to
specific applications by utilizing hybridization of reinforcing components [6]. This allows for greater
flexibility in the design of composite compounds. It is possible to think of this as the process of
combining a number of different kinds of fiber components in a composite preform in order to get
properties that are ideal for a certain purpose [7]. A variety of distinct types of reinforcing component
elements are brought together in the process, which may be seen as a mixture of these components.
There is the potential to achieve increases in impact resistance, notch sensitivity, and fracture
toughness by the hybridization of carbon-fiber composites [8,9]. Material science, on the other hand,
is confronted with a number of inherent obstacles, one of which is the attempt to foresee how novel
materials would operate mechanically in a range of different conditions. Researchers from a wide
range of educational institutions collaborated in order to test novel material formulations under a
variety of loading conditions. This was done with the goal of bridging the knowledge gap [10,11]. As
part of an attempt to develop three-dimensional water-based composites (WCs) that are more
resistant to damage, researchers from a range of universities are now investigating a number of
hybrid formulations [12]. These formulations include carbon/aramid, glass/aramid [13], and
carbon/glass[14].

In contrast, tests that were conducted under static conditions tended to favor tensile and
compressive failure modes [15]. This was the case in the majority of the cases. These failure modes
not only halted the progression of the delamination, but they also caused the through-thickness
reinforcement to become debonded and fractured—this was documented in reference [16].

As an alternative, researchers have turned to predictive analytical and numerical modelling as a
cost-effective substitute for experimental approaches. This is because the former is extremely
expensive, while the latter is more expensive than the former [17]. A complete assessment of the
approaches that are used to predict the mechanical and impact behaviour of three-dimensional
water-cooled concretes is presented by the author in [18]. In recent years, predictive numerical
modelling has been an increasingly effective method for impact response characterization [19,20].
This has proven a strong tool. Using a finite element model that was based on three-dimensional
solid components, the damage processes of a three-dimensional woven composite were analysed
and compared under circumstances of quasi-static indentation and impact loading, as indicated by
[21,22]. Following the creation of the composite plate from the unit-cell model, the homogenised
elastic-plastic characteristics were applied to the whole composite plate over the course of the
investigation. Through the use of the model, the features were identified [23]. It was necessary to
develop user-defined subroutines known as UMAT and VUMAT in order to include the constitutive
behaviour and failure reaction of the material [24]. The intricacy of the numerical model made it
extremely challenging to adapt to a variety of architectural forms, despite the fact that it provided
good forecasts of failure modes and energy absorption capacity [25].

In this study, a numerical investigation of the impact response of the plain weave e-glass
composite structure was carried out in accordance with the EN ISO 178 standard's requirements. For
the simulation procedure, the primary tool that was utilised was an explicit dynamic tool.
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2. Methodology
2.1 Primary Boundary Conditions

An impact test was carried out with the assistance of a Universal Testing Machine for the
purposes of experimental research. The European Standard EN ISO 178, titled "Plastics e
Determination of flexural characteristics," is the one that is followed when determining the
mechanical properties of composites. At a temperature of 140 degrees Celsius, the load that was
exerted was a pressure of 20 kilograms per square centimeter.

During the testing phase, the specimens were loaded while being subjected to tension-
compression stress [26,27]. The methodology for the fatigue tests that were used in this inquiry was
based on EN ISO 178, and the tests were conducted according to that standard. An experiment was
conducted by employing a sinusoidal wave in conjunction with a. We utilized a drop-weight impactor
that had a spherical hardened spike with a diameter of 10 millimeters.

2.2 Modeling and Meshing

The geometry of the present model has been modelled and executed in the DesignModuler
programme that is part of the ANSYS software. When it comes to the geometry, there are two
primary components, and these components are the rod for punching and the plate. in which all of
its dimensions were measured in millimetres in all directions. In accordance with the need, mesh has
been created using expect dynamic. Two different types of components have been used to create a
mesh between the two portions. As a result of the fact that explicit dynamic has been utilised in order
to mimic the impact process, the method of the plate mesh has been selected as a sweeping kind. In
addition, the mesh of the plate portion has been seen as having a soft behaviour, whereas the mesh
of the impacted area has been regarded as having a hard behaviour. An equilateral triangle has been
used to represent the form of the primary components. In the geometry, there are 13203 elements
that have been calculated altogether as shown in Figure 1.

Fig. 1. Meshed model of plain weave E-Glass with impactor
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2.3 Material properties of Plain Weave E-Glass

There have been earlier studies that have described the mechanical practice of plain weave e-
glass composite constructions that are based on the EN ISO 178 standard. modulus of elasticity,
passion ratio, and density are the prerequisites for the simulation that is now being performed. These
values have been recognized and compiled in accordance with the situation [28]. For the purpose of
determining the impact response of the materials, it is necessary to include these values into the
engineering data of the ANSYS programme in the same manner as indicated in Table 1.

Table 1

Mechanical properties

Material Maximum tensile stress Passion ratio Density (g/cm3)
(MPA)

3 wt.% Kenaf/PLA 22.9 0.31 1.932

2.4 Convergence Method

This study has shown that the convergence to the mesh, the type of elements, and the techniques
of elements have all converged appropriately. A strain deformation caused by the impactor was
incorporated into the explicitly dynamic approach that was used to accomplish the convergence [29].
In light of the fact that the plate exhibits a soft behavior, the convergence has only been carried out
for the plate, while the impactor has been deemed to be a hard component. In the advanced
configuration of the convergence analysis, extensive deflection has been enabled in accordance with
the requirements.

3. Results and discussion
3.1 Energy Conservation

For the purpose of determining the energy conservation of the plain weave e-glass composite
structure, a numerical analysis was carried out in line with the EN ISO 178 standard. For the purpose
of these evaluations, four distinct types of energy were taken into consideration. begins with the
energy that is housed inside with reference to the passage of time. At the beginning of the impact,
these values reached 8e-5 J, which is the highest value that it holds. This values achieved their highest
point. Subsequently, the strength of the sin wave will decrease. The behaviour of the Kinetic energy
is completely different from that of the internal energy, which functions in a somewhat similar
fashion. This begins at 9.8e-5 and continues beyond that point as sin waves continue to occur. While
this is going on, the energy of the hourglass continues to remain constant with the average of 5e-5j,
as seen in Figure 2.
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Fig. 2. Simulation results of energy conservation

This is illustrated in Figure 3, which depicts the reference energy as well as the work that is
simultaneously done by the impactor prior to it making contact with the plate. According to the data,
the reference energy was at its highest level, which coincided with the point at which the amount of
work completed reached its lowest level, which was very near to zero j. In contrast, the data revealed
that the total energy reached 9.5e-5j. This was the conclusion that was obtained.
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Fig. 3. Numerical results of the reference energy
3.2 Momentum Investigation

Research of momentum in every direction has been carried out using different statistical
methods. To ensure that the composite plate is struck in a Z-direction, the impactor has been
constructed to revolve in that particular direction. If you look at Figure 4, you will see that there are
no results when you look in other directions (X, Y). This is because there are no results when you look
in those directions. It was a remarkable coincidence that the propensity coincided with the same
conduct that was taking place at the moment. The behavior of the momentum that was created by
the impactor has been fashioned as waves that are chaotic and unorganized, with peaks at the top
and bottom of the wave. This behavior has been fashioned according to the impactor's conduct.
Considering that the lowest value is 2.5e-5 N.s., the maximum value of the 5e-5 N.s. over a period of
6e-5 is the highest value.
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Fig. 4. Simulation results of momentum in all directions

3.3 Equivalent Elastic Strain

The effect that the impact loading had on the plain weave E-Glass composites is graphically
represented here in Figure 5, which can be found below. A graphical representation of this effect can
be seen in the figure. The process of simulation discovered that the section of the composite
structure that was located in the middle had the highest amount of stress as a direct result of the
simulation. This was found to be the case after the simulation was carried out. It has been determined
that 0.0003 mm/mm is the new maximum strain that can be achieved. It was determined that there
was a total force of 7868.7 N that was applied. In order to conduct research on them, the results of
the normal stress were gathered for examination along the X-axis of the global coordinate system.
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Fig. 5. Numerical results of equivalent elastic strain

The impact of the comparable elastic strain is seen in Figure 6, which depicts an isoline. Modeling
and simulation have been used to reveal the amount of elastic strain in the main plate and impactor.
It demonstrates that the maximum strain has been reached to an accuracy of 0.00023 millimetres.
Explicit dynamic has been utilised throughout the entirety of this process.
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Fig. 6. Simulation results based on a graphical representation of the
equivalent elastic strain

3.4 Investigation of Deformation

The total deformation has been mathematically anticipated, as can be seen in Figure 7, which
depicts the graphical effect that the applied static load has on the structural Plate profile of the
composite beam. This effect can be seen graphically as a shape being formed on the beam. This can
be seen by the fact that preparations have been made for the complete deformation of the object.
The findings of the simulation procedure indicate that the middle of the composite structure contains
the largest overall resultant deformation. This deformation, which measures 0.0014 millimeters and
has taken place in the middle of the structure, has occurred as a result of the simulation procedure.
The amount of stress has reached 0.0013 mm, which is the highest value that is even remotely
possible. The amount of force that was used was equivalent to one thousand Newtons (N). The
results of the normal stress were compiled and analyzed, and they were placed along the X-axis of
the global coordinate system. When taking into account the composite structure as a whole, the
smallest amount of deformation that is possible is 0.00014 millimeters.
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Fig. 7. Numerical results of total deformation

124



Journal of Advanced Research in Applied Mechanics
Volume 117, Issue 1 (2024) 118-127

An illustration of the effect that the total deformation has can be seen in Figure 8, which presents
a graphical representation. The amount of overall deformation that was caused by the impactor in
the primary plate has been revealed through the use of modelling and simulation. To an accuracy of
7e-6 millimetres, it confirms that the maximum strain has been attained. During the entirety of this
process, explicit dynamic has been utilised in various capacities.
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Fig. 8. Graphical representation of total deformation of the pate only

4. Conclusion

A numerical analysis of the impact response of composite materials manufactured utilising plain
weave E-Glass has been carried out as part of this investigation. The numerical analysis has been
validated in an appropriate manner by using the experimental work as a basis for the validation.
There has been a lot of research done on both the subject of the conservation of energy and the state
of the present. After the impact test was finished, a timer was used to determine that the total time
for the test was 6 e-5 seconds. The energy that is being emitted by the hourglass has undergone a
significant transformation in recent moments. At 0 seconds, the value was 3.5 e-7 J, and it steadily
decreased until it reached 1 e-5 sec before attaining a steady condition. Before the steady condition
was attained, it did not reach a stable state. It has been determined that the new maximum strain
that can be achieved utilising elastic strain is 0.0003 mm/mm. This new maximum strain can be
achieved. This increased maximum strain is something that is attainable. It was found that the
combined force exerted had a magnitude of 7868.7 N, and this was the total force that was applied.
A whole deformation of the structure to the tune of 0.0014 mm has taken place in the middle of the
structure as a direct consequence of the act of carrying out the simulation technique. This
deformation took place in the centre of the structure. The amount of tension has reached 0.0013
mm, which is the highest figure that is even remotely possibly attainable at this moment in time due
to the fact that the level of tension has reached its maximum.
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