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Abstract—In this study, investigation of the high-Velocity Impact test on the curved glass fiber reinforced plastic (GFRP) composites
using explicit dynamics analysis has been performed using FEM. Four types of energy were examined: internal energy, kinetic energy,
contact energy, and hourglass energy. The investigation revealed that the most significant variation occurred in the internal energy,
reaching a peak value of 1.0e-3. Deformation due to impacted forces was considered accordingly. Three forces were considered
accordingly: 1,2,3 kn. Based on the numerical analysis, the maximum deformation was reached 76 mm. Von Mises stress due to the
applied load was considered as well. The von Mises stresses using explicit dynamic tools in analysis software. Three loads were
considered for the general inspections till 3 KN. The numerical results proved that the maximum stress reached 22 MPa. This
substantial change is primarily due to the alterations in the material’s morphology, indicating how the material's internal structure
responded to the applied conditions. Kinetic energy, which relates to the motion of the material, and contact energy, which pertains to
the interactions at the material’s surfaces, were also analyzed. However, these energies did not exhibit as pronounced changes as the
internal energy.
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characteristics of the laminates may be significantly altered
I. INTRODUCTION due to these faults, which is a possibility [7]. For composite
laminates to be classified, Olsson described their impact
responses according to the mass ratio of the impactor to the
target plate. This allowed for the composite laminates to be
classified. An analogy may be drawn between these enormous
hits, which have a mass ratio that is more than two, and quasi-
static loading, which takes place when the inertial force that
is exerted by the plate is insignificant, and the contact force
and plate deflection are in sync with one another [8], [9]. At
the opposite end of the spectrum, low-mass strikes are
characterized by a mass ratio that is lower than one-fifth.
Because of these impacts trigger wave-related local responses
and high-order vibrations, eventually resulting in

Since this event has taken place, it is of the utmost
importance that research be carried out to explore the impact
behavior of these materials when they are subjected to items
that come from the outside [1], [2]. Some different methods,
including theoretical, experimental, and numerical
simulation, have been utilized by researchers to investigate
the dynamic effect of composite laminates [3]. Because of
these methods, noteworthy conclusions have been discovered
[4]. There are some common damage features that are found,
particularly in the region of the impact site [5], [6]. These
characteristics include indentations, matrix cracks,
delamination, and fiber fractures. The mechanical
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asynchronous deflection changes and asymmetrical contact
force curves [10], [11].

Composite materials, recognized for their high specific
strength and modulus in the fiber direction and their better
strength-to-weight ratios than conventional materials, are
rapidly being utilized in the building, transportation, and
aerospace industries [12]. As a result of these characteristics,
composite materials are becoming increasingly popular. The
recent completion of dynamic testing of the prototype maglev
train that travels 600 kilometers per hour by CRRC Qingdao
Sifang Co. has brought to light the growing relevance of
lightweight composites in manufacturing future rail transit
vehicles [13][14]. On the other hand, high-speed trains and
airplanes are prone to be attacked by foreign objects, such as
hailstones and bird strikes, which can considerably weaken
the structural integrity of these vehicles. This can be a serious
risk to the safety of passengers and crew. Therefore, it is of
the highest significance to understand composite materials'
dynamic and high-velocity impact reactions[15] [16].

It is rare for buildings and modern engineering parts to
experience only steady forces. Most parts of buildings and
structures experience loads that change regularly or
irregularly over time. Because of this, design analysts pay
attention to the problems in materials when subjected to
repeated stress. In parts of a structure that experience repeated
forces, there are regular or irregular stress patterns depending
on the type of load. These stresses often lead to the part
breaking down over time due to fatigue. After World War II,
improvements in glue technology led to a big rise in the use
of glued joints. Because of this, studying how adhesive joints
wear out has become an important area of research. After the
1970s, the use of glue joints in the acrospace industry grew,
making it even more essential to study fatigue. Fatigue
happens because of various flaws and material breaks, which
can lead to damage [17]. So, there is always a chance that the
adhesive joints can bond at the area where they connect or
within the adhesive layer itself. These hidden flaws can cause
wear and tear over time when things are repeatedly pushed
and pulled. So, besides figuring out how strong adhesive joints
are when there is a steady load, it's also essential to understand
how they perform when there are repeated loads. Mechanical
parts often face changing and repeated forces [18]. Parts that go
through repeated stress over time can break down from fatigue,
even if the stress levels are lower than they can handle when
not moving. It is essential to find out how strong the adhesive
joints are when they are tired or worn out [19].

Recently, some studies have looked at how different tiny
particles, especially those included in epoxy glues, affect the
strength of the glue joints. When we look at these studies, we
can see that tiny particles significantly impact the strength of
the glued connections. These studies show that tiny particles
improve the adhesive, even when only a small amount is used.
Nanoparticles help adhesives in several ways [20]. They make
adhesives better at conducting heat and electricity, and they
also improve their strength against things like weather.
Moreover, nanoparticles allow adhesives to absorb more
water and help them last longer [21]. The authors [22] and
[23] studied how adding tiny particles to epoxy glue affects
the strength of the glue joints. The study used carbon fiber,
epoxy resin layers, and 6061-T6 aluminum layers to stick
together. Dexter Hysol EA 9330 epoxy was used as glue, and
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carbon nanotubes (CNT) and aluminum nano-powder (ANP)
were used as tiny particles [24]. The results showed that
changing the number of nanoparticles mixed into the epoxy
glue significantly affects how well it sticks and holds up under
stress. The results also showed that adding more nanoparticles
than a certain amount in the adhesive weakens the connection
strength [25]. Other researchers [26] have examined how
different tiny particles and rough surfaces affect how well
epoxy glue sticks to a surface. The study used steel sheets to
stick together with Pattex® Kraft-Mix adhesive (from Henkel
Adhesives Ltd.), a two-part glue. The tiny particles used as
additives were nano-Al203, nano-CaCO3, and nano-SiO2.
The pull-off adhesion tests showed that nano-Al203, one of
the three types of nanoparticles, had the most significant
impact on how strong the adhesion was. Experts have
conducted a detailed analysis of the high-speed impact
behavior of composites [27][28]. This investigation was
carried out using a mix of simulations and direct testing.
Experiments are the most efficient way to research the
mechanical characteristics of continuous fiber-reinforced
composites [29]. This is because of the anisotropic nature of
these composites, which makes studies of their mechanical
properties difficult to conduct .

After comparing the impact testing results with the damage
evolution models that the authors had created, the authors
concluded that the damage evolution models were highly
accurate for the various failure modes that may occur in
composites. Within high-speed collisions, the authors in [30]
have identified three potential methods in which fiber-
reinforced laminates can absorb impact energy. Local
fragmentation, linear momentum transfer, and tensile fiber
breaking are the names given to these three techniques. More
studies have been done on the failure and damage behavior of
curved FRP composite plates and advanced structural sections
when they are subjected to impact stresses [31]. As a result,
the high-velocity impact test on the curved glass fiber
reinforced plastic (GFRP) composites was carried out in this
work. The approach that was used was to use explicit
dynamics analysis.

II. MATERIALS AND METHOD

A. Geometry and Meshing

Geometry is divided into two distinct components.
Punchers are the initial component, consisting of a square
shell made of solid material. The other component is the target
component, constructed from composite layers of GFRB
woven plate, as shown in Figure 1. The geometry has been
transferred to the explicated dynamics so that it may be
aligned with the dynamics. To accurately simulate the
enormous deflection, the mesh approach has been chosen
from the sweep category. One of the nonlinear elements that
has been selected is the mesh element. The tool for sizing is
utilized to ensure that all bodies are established as soft
materials for the target plate, with a size of 5 millimeters being
the element size. It has also been decided that a size tool will
be used for the puncher, and it will have the same element but
be in the hard category. 14000 elements have been achieved
as the total element for the geometry
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Fig. 1 Meshed model of the GFRB Plate
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B. Primary Boundary Conditions

According to the data presented in Figure 2, the curved
glass fiber reinforced plastic (GFRP) composites investigated
in this work were performed numerically. Four fixed supports
were employed in every direction, and the force was one
hundred newtons with a high-velocity impact.
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Fig. 2 Boundary Conditions

C. Critical Convergence Analysis

It is crucially important that the total deformation indicator
be utilized to carry out the convergence analysis for the
current study on convergence. It began with the initial effort
at 3.512e-3 mm and then significantly expanded from there
[31]. It has been established that the second solution is present
at 3.59e-3 mm. Based on the findings of the critical analysis
of the existing procedure, the current case has been converged
at the second solution. Figure 3 illustrates the explanation of
the convergence process described above.

3.5908e-3

3.58e-3

3.57e-3

3.56e-3

3.55e-3

3.54e-3

Total Deformation (mm)

3.53e-3
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3.5127e-3

Solution Number

Fig. 3 Critical convergence test
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D. FEM set up

Figure 4 This was done to maximize the effectiveness of
the composites. A study of the high-speed impact test was
performed with the help of the impact analysis feature found
in the Ansys program. The RTM technique was used to
produce the curved GFRP plates, and commercially available
prepreg layers were utilized in manufacturing [32]. The
CRRC Qingdao Sifang provided these layers. Rolling around
When cutting woven fabric laminates with a stacking
sequence of 12.

E. Material properties

In this context, the rigid material model is employed to
model the projectile, as it is stiffer than the target plate. To
ensure accurate contact modeling, the projectile is assigned
the material properties of steel, which include a mass of 106.8
grams, a Young’s modulus of 210 GPa, and a Poisson’s ratio
of 0.32.

III. RESULTS AND DISCUSSION

A. Investigation of Total Deformation and Stresses due to

high-speed Impact

The total deformation curve has been calculated using
numerical simulation based on the static structural tool in
Ansys software, as shown in Figure 3. Applied forces have
been subjected to the component’s procedure applied in the X
direction. Four values: 1, 2, and 3KN, as shown in Figure 4.
The maximum stresses at the joint reached 81 mm at force
3.15 KN. The minimum von Mises stress was recorded at a
minimum applied load 55 mm, where it reached 30 mm.
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Fig. 4 Load-displacement status

Figure 5 shows the graphical effect of the applied force on
the bounded plates. The simulation results show that the
bounded area is simulated to the rest of the plate, and the
maximum effect of the force begins at the end of the plate.
The maximum elongation along the plate is 81 mm for the
maximum applied load. The simulation process was
undertaken with a static structural tool. total deformation has
been considered a leading indicator. For this investigation, a
load of 3.15 kilonewtons was applied to the alloy plate in two
different directions while maintaining the same elevation.
There was a maximum deformation of 7.0e-7 meters when
this load was used, a graphical representation that illustrates
the precise location of the maximum deformation. At the



beginning of the fractures, the concertation of the deformation
can be perceived.
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Fig. 5 Total deformation

B. The Analysis of Strain Energy

In this study, an alloy plate was subjected to a 3.15
kilonewton force in two directions with the same height
maintained. This system was built to observe the material's
behavior under stress. The maximum deformation energy
recorded was 0.0029 meters, indicating that the material was
significantly distorted due to the applied force. Figure 4
visually represents the deformation and pinpoints the location
of the most significant distortion. This area is crucial because
it shows the beginning of fractures and has the highest
deformation concentration, making it easy to spot. An in-
depth familiarity with this concentration is critical for
predicting the breakdown locations and increasing the
material's durability.
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Fig. 6 Investigation of Strain energy
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C. Residual Stress (Von Mises Stresses)

Von Mises stresses have been calculated using the static
structural tool in ANSYS software. The Von Mises stress is
the main indicator of the residual stresses in the contacted
zone. Since the model is symmetrical, the residual stresses at
both sides of the substance material are the same. The stresses
have been calculated using multiple applied forces. Applied
forces have been subjected to the component’s procedure,
which is applied concerning the X direction. four values were
applied: 1, 2, and 3 KN, as shown in Figure 7. The maximum
stresses at the point reached 22 MPa at force 3.15 KN. The
minimum von Mises stress was recorded at minimum applied
load 1 KN where it reached 8 MPa
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Fig. 7 Residual stress

D. Energy-time Analysis

Everything from internal to kinetic to contact to hourglass
energies was considered in this study. The experiment's
findings revealed that the internal energy changed
significantly, peaking around 1.0e-3. Because it demonstrates
how the material's internal structure responded to the applied
conditions, its morphology is primarily responsible for this
notable change. We also looked at contact energy, associated
with interactions at the material's surfaces, and kinetic energy,
associated with the material's mobility. However, compared
to these other energies, changes in the internal energy were
noticeably more pronounced. Hourglass energy, a prevalent
cause of numerical aberrations in finite element analysis, was
left out of the comprehensive study because of its
insignificance. This exclusion isolates the energy changes that
significantly impact the material's behavior. To further
understand the distribution and magnitude of the energy
fluctuations in the material, we refer to Figure 8, which
displays all of the energy types and their variations.

—e— interal Energy Kinetic Energy —e— Hourglass Energy —+— Contact Energy

|

5.9845e4
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Fig. 8 Energy analysis



IV. CONCLUSION

In conclusion, using the explicit dynamics analysis that is
available in FEM, the high-velocity impact test that was
performed on the curved GFRP composites was ultimately
investigated. Internal energy, kinetic energy, contact energy,
and hourglass energy were the four forms of energy that were
investigated. It was discovered that internal energy was the
most variable since it fluctuated the most and reached its
highest point at 1.0e-3. This discernible change is primarily
attributable to alterations in the material's morphology, which
indicate the reaction of the material's internal structure to the
applied conditions. Other factors that were considered were
kinetic energy, which refers to the mobility of the material,
and contact energy, which is concerned with the interactions
that occur at the surfaces of the material. However, the energy
contained therein did not alter nearly as much as these
energies did.
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