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Abstract. Investigations of the angled ballistic impact behavior on Carbon Kevlar®
Hybrid fabrics with assorted volumes of carbon nanotubes (CNTSs) into epoxy are
presented. The ballistic impact behavior of the epoxy composites with/without CNTSs is
compared. Individual impact studies are conducted on the composite plate made-up of
Carbon Kevlar Hybrid fabrics with diverse volumes of CNTs. The plate was fabricated
with eight layers of equal thickness arranged in different percentages of CNTs. A
conical steel projectile is considered for a high velocity impact. The projectile is placed
very close to the plate, at the centre and impacted with sundry speeds. The variation of
the kinetic energy, the increase in the internal energy of the laminate and the decrease
in the velocity of the projectile with disparate angles are also studied. Based on the
results, the percentage of CNTSs for the ballistic impact of each angle is suggested. The
solution is based on the target material properties at high ballistic impact resistance,
the inclined impact and the CNT volumes. Using the ballistic limit velocity, contact
duration at ballistic limit, surface thickness of target and the size of the damaged zone
are predicted for fabric composites.
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1. INTRODUCTION

Reinforcing composite panels affects their mechanical properties as well as their weight,
which are two crucial considerations for a wide range of applications such as the process of
responsibility of naval vessels designers, armored vehicle designers and manufacturers,
aircraft designers, etc. [1-6]. Due to effective behavior and safe performance, the use of
CNT/Epoxy composites as materials for structural design of vehicles and other constructions
has led to the requirements of sustaining them. A special attention ought to be paid to the
commercial aircraft structures that must be lightweight and divulge exceptional impact
resistance properties in order to meet growing demands in this industry. Peculiarly, a body of
commercial aircrafts is mostly made of composite materials and metals [5-9]. Due to weight
issue as well as to an increasing role of saving energy in the modern life, weight deduction
can be one of the major challenges of the commercial aircraft designer despite retaining the
quality and guarantee for the safety [6-8 &10]. Therefore, some parts of the body can be
replaced with laminate composite materials [8-10]. Moreover, the most economical and
conventional fabric is glass fiber, despite the fact that the glass fiber use has a lot of
drawbacks, e.g. consistently triggered physical problems, health issues and respiratory
irritations, allowing for air flow, trap allergens, while moisture can get trapped inside the
fiberglass insulation material and thus become a bedding material for pests [10-12].
Consequently, modern attempts at circumventing the drawbacks of using glass fiber, which
can be inevitable, and replacing it with Kevlar and carbon fiber as well as adding CNT into
resin epoxy can be recommended. Numerous studies regarding the ways of revitalizing the
use of natural fibers have been published and the trend of applying natural fibers is
increasing, but technically, in industrial scales, none of manufacturers has used or even
recommended them [13-15]. Eventually safe, durable materials, but expensive Kevlar/
Carbon Fiber Hybrid Fabrics with CNT epoxy resin are studied in the current research to
normal and oblique impact resistance. Carbon fibers, despite their high price, are pre-
dominantly used for ballistic protection under rifle bullet threats [15-18]. Although
commercial monolithic carbon fiber plates could be manufactured to a large thickness, they
may not meet the design needs for certain thickness and multiple thinner plates, which are
used to meet design specifications. In addition, multi-layer plates can provide flexibility to
users in terms of mobility and maintenance [17-19]. For this reason, most experimental
studies as well as those in the published works relating to the ballistic performance of carbon
fiber plates focus on replacing monolithic plates with layered plates of the same thickness.
The chief goal of these experiments is to reduce the overall weights of armor plates while
maintaining the same ballistic protection as epoxy-CNT carbon-Kevlar composite plates
[18-21].

Although some other fibers including asbestos or wood or paper have been sporadically
used, the fiber-reinforced polymer (FRP) is made of a resin matrix reinforced with fibers that
can be conventionally glass, carbon, or Kevlar. [22-24]. Since the fibers are used to support
the load by providing excellent strength to the structure, the resin serves as matrix material to
transfer the load to the reinforcement and then to hold and protect the fibers [25-28]. The
FRP composites have a variety of superior properties such as a high strength-to-weight ratio;
they could provide high dimensional stability, excellent fatigue, light-weight engineering
solutions, corrosion, wear resistance, etc. [29-33]. Because of these attractive properties, the
FRP composites have been widely used for numerous applications such as aerospace and
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commercial aircrafts, automobile, sports goods, robot arms, chemical containers, and fishing
rods [34-36]. Especially in commercial aircraft industry, the FRP composites have been in a
remarkably increasing demand. For example, the innovative FRP composite fuselage has
been widely applied in Airbus A350 aircraft, and about 53% of the materials in A350
airframe are made of composites. The FRP composite part fabrication with a shorter cycle
time is desired to meet a high demand for FRP composites, although they have a higher
production cost [37-39].

On another note, the commercial aircraft structures are exposed to bird strike events
causing serious damages, which usually occur in flight or on take-off and include bird
strikes or impact by hail, tyre rubber, engine fragments or runway debris. Ballistic impact
scenarios are low mass with often ballistic impact speeds transpiring from ammunitions
with implementation to security protection structures. A few papers were published on
this expensive and sometimes-lethal flying risk, though annual damages from bird and bat
collisions with aircraft were estimated at and up to $1.2 billion in commercial aviation
worldwide; that is why so many councils are dedicated to the problem at numerous
conferences. By providing a comprehensive guide to preventing and minimizing damage
caused by a bird strike on the aircraft, the researchers attempt to bridge the current gap.
The Fact Sheet of the Federal Aviation Administration’s (FAA) about Wildlife Hazard
Mitigation Programme on 9th January, 2019, declared, from 1990 to 2017, the reported
costs for civil aircraft in USA totalled $765 million for the 28-year period as well as costs
are adjusted to the reported strikes in which costs were not provided; regarding the
estimated number of strikes that were not reported, losses could be as high as $500
million per year. Moreover, 311 human injuries are attributed to wildlife strikes with US
civil aircraft. In addition, 287 human fatalities are attributed to wildlife strikes globally
(Fig. 1). Hence, advance material development and analyses pertaining to the ballistic
impact strikes present a continuous challenge to the composites’ community. In this work,
the ballistic impacts are simulated for so-called bird strike impacts.
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Fig. 1 Locations of bird-strike damage (Boeing report) [38]



232 E. RANDJBARAN, D.L. MAJID, R. ZAHARI , M.T.H. SULTAN , N. MAZLAN

2. METHODOLOGY

In this paper, the carbon/Kevlar reinforced epoxy composite with CNT fillers of a
varying loading ratio were fabricated; they underwent ballistic impact testing and their
responses were analyzed.

2.1. Fabrication

For the absorbing nanostructured composites processing, carbon nanotubes were
dispersed in an epoxy resin matrix. The carbon nanotubes (type CM-95/MWCNT) were
acquired from ILJIN NANOTECH co. Itd. (Seoul, South Korea). According to the
manufacturer, this MWCNT has size of 0.01-0.015 um of diameter and 10-20 pum of
length. As shown in Fig. 2, CNT-epoxy composites sample were fabricated using CNT, a
dispersing agent BYK 9077, and Araldite 2016. CNTs and BYK 9077 with ethanol were
blended for five minutes; soon after it there followed sonication for an hour at fixed
output power of 25 Watts. The mixture was added to the resin and stirred for 10 minutes
with a high shear blending homogenizer at 3500 RPM, followed by 45 minutes sonication
treatment. The blend was then placed in a vacuum degassing oven and remained at room
temperature (25°C) for 48 hours under 1 Bar, followed by 24 hours under 1 Bar at 80°C
for degassing process. An open mould process in which components or successive plies of
reinforcing material or resin-impregnated reinforcements are applied to the mould and the
composite is built up and worked by hand. Curing is normally conducted at ambient
temperatures, but may be accelerated by heating, if desired. In addition, the hand lay-up
process produces the largest amount of reinforced composite products.
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Fig. 2 Schematic diagram of the fabrication protocol for CNT-epoxy composites

2.2. Ballistic Impact Tests

Fig. 3 displays a schematic diagram that is in accordance to the N1J 0108.01 Standard
produced by the National Institute of Justice (NI1J) and the detailed procedures for
ballistic protection certification and testing [41]. The gas gun tunnel facility utilized in
this work was developed at the Department of Aerospace Engineering, University Putra
Malaysia (UPM) as reported here [44]. The noted standard is focused on shields,
blankets, and visors. Compressed (pressurized) Nitrogen gas is used as a working fluid.
The reason for this is that nitrogen gas has the advantages of being colorless, odorless,



Effects of Volume of Carbon Nanotubes on the Angled Ballistic Impact for Carbon Kevlar Hybrid Fabrics 233

tasteless, and non-toxic. Moreover, it is commercially available and as a chemical element
it contains a high thermal conductivity. Its lightness as well as its inferior density in
comparison to atmospheric (due to a lower mass of the nitrogen particles) air is another
criterion for its selection to carry out the experiment. Another advantage of nitrogen gas
lies in its low density which facilitates the movement of the bullet as the sound waves
travel faster in a less dense material than in a denser one [40-44].
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Fig. 3 Schematic of ballistic test setup following the NIJ Standard [44]

Fig. 4 illustrates inclined target, which can be rotated from 90 to 140 degrees with an
angle indicator, all made of stainless steel. This bullet trap features a spent bullet depository
and ballistic rubber front panel, 12.7 mm thick with self-healing properties. The ballistic
front panel can slow down the rounds, minimize the impact noise, and lead dust generation
[43-46].
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Fig. 4 Set-up for inclined target
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The energy that must be dissipated in the collision is approximately relative Kinetic
energy Ey of the bird, defined by:

E,= 0.5mV?, (1)

where mis the mass of the bird and vis the relative velocity (the difference of the
velocities of the bird and the plane, resulting in a lower absolute value if they are flying in
the same direction and a higher absolute value if they are flying in opposite directions)
[46-48].

The ballistic limit formula for armor TM5-855-1 by [43]:

Vs = 3922 W12 d%7 (e, sec (0)) °%, 2)

where Vs, is the ballistic limit velocity in fps, d is the caliber of the projectile, in inches,
en is the thickness of the homogeneous armor, 6 is the angle of obliquity, W+ is the weight
of the projectile (in Ibs).

In Eq. (2), the theoretical ballistic limit is investigated but the coefficient of materials
is not considered as a correlation. Moreover, in this equation one velocity is only pointed
out due to the fact that the initial and final speeds are the ballistic limit.

Vo ballistic limit is the means of comparing the ultimate performance of armor
materials. Vs ballistic limit is the velocity at which a specific projectile (bullet) is
expected to penetrate the armor half of the time. The ballistic limit of armor is most
frequently conducted using the procedures of TM5-855-1. In other words, a given
projectile cannot generally pierce a given target when the projectile velocity is lower than
the ballistic limit [41-43].

Fig. 5 clearly illustrate that the thicknesses of plates A and B are 30mm and 23mm. On
one hand, it means plate A is approximately 30% thicker than B. On the other hand, by
increasing the angle up to 45 degrees, the effective thickness is 32.5mm. It means that B is
not only definitely lighter but it is also about 8.34% thicker than A. Triangular profile inserts
are enforced to have uniform area density from angled plate (in B) and the thickness of
normal plate (in B) must be diminished to compensate for the weight of these impacts.
Furthermore, an illustration of proof of angled plate proposes less weight benefit while
protecting a certain width, which is a comparison of a vertical slab of plate on the left and a
section of plate sloped at an angle of 45 degrees on the right and the horizontal distance

Fig. 5 Thicknesses of right and inclined angle [12]
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via the plate is the same. However, the normal thickness of the sloped plate is lower.
Therefore, the actual cross-sectional area of the armor, and hence its mass, is the same in
each case. Due to mass, the normal will have to decrease if the angles are elevated.

T, =Ty - sec(o) ?3)

where o is the angle of the sloped armor plate from the vertical, Ty is the normal
thickness, T, is the inclined thickness.

For instance, as the second of 60° is 2, the armor sloped sixty degrees back from the
vertical presents to a projectile travelling horizontally a line-of-sight thickness (T;) twice
armor’s normal thickness (Ty).

3. RESULTS AND DISCUSSION
3.1. Morphology

Fig. 6 shows pure multi-walled carbon nanotubes (MWCNTS). Furthermore, Figs. 7a
and 7b show the surface morphologies captured from specimens coated with the solutions
of the active layer (Fig. 7a) and not well-dispersed (Fig. 7b). The SEM images clearly
illustrate that the dispersion of the epoxy-CNTSs in the matrix is not well for the nano-
composite formed, which favors CNT agglomeration and entanglement that form various
CNT clusters due to an excessive amount of CNT (more than 0.3%). On the other hand,
the well-dispersed epoxy-CNTs is observed for the composite prepared (Fig. 6): this can
be ascribed to the monomers polymerized on the surface of the epoxy-CNTSs; this inhibits
n—7 interaction of the nanotubes and thereby decreases agglomeration. Moreover, the
well-dispersed epoxy-CNT means there is a continuous percolation path for free charge
carriers and eventual collection at the impact resistance thereby improving cell
performance in mechanics of impact.

SE 500 nm HITACHI 15.0Kv 4.3mm x30.0 SE 1.00um

Fig. 6 MWCNTSs magnified by SEM (500nm and 1.00pm)
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Fig. 7 shows the images obtained by SEM of the materials processed observing in Fig.
6 that the nanotubes are imperfectly distributed and the presence of clusters in island
(0.3% CNT/epoxy composite) in composite. However, within the island the CNTs are
dispersed indicating the formation of an interconnected network. According to the SEM
fracture surface images showing tested composite laminates in Fig. 7, it can be seen that
the fibers are covered with epoxy, stipulating magnificent adhesion between the resin and
the fibers with the appearance of CNTs, which could be observed equally on both the
fiber surfaces and the connected irrefutably interfacial regions between the matrix and the
fibers. Furthermore, it can contribute immensely to enhanced stress transfer compared to
the composites based on neat epoxy resins. The excellently-dispersed CNT network
within these fabric laminates can be used for damage sensing presently by monitoring
how mechanical resistivity transforms from progressive cracking showing the cross-
sectional areas of composite reference specimen and hybrid CNT/epoxy specimen after
impact tests, respectively, where very clear inter-laminar impact failures are observed.

The type and amount of aggregation of CNT structures are evidently determined by
rigidity of nanotubes and whether their diameters are thin enough to allow indubitably
their buckling and self-aggregation into low-density, particle-like, intertwined, and coiled
assemblages. Moreover, the production technique can unquestionably impact the sorts of
cluster structure and whether it is stabilized incontrovertibly by adequate agglomeration
or some sort of inter-tubular aggregation (physical entanglement). Consequently,
contingent on these characteristics, agglomerate structures of nanotubes can appreciably
differ from thin-walled CNT to thick-walled, rigid CNT; examined, they exhibit a strong
tendency to aggregate into microscopic bundles (clusters) demonstrably and in turn
agglomerate loosely into small clusters that are substantially visible; forming CNT
agglomeration exists inevitably in all CNT-epoxy composites. Conceptually, presented as
spherical assemblages of intertwined tubes verified by image interpretation from the
samples were purposefully assumed as agglomerates (in Fig. 7).

5.00um

Fig. 7 Damaged samples A) dispersed 0.3% CNT on surface and B) 1.5% CNT agglomeration
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Fig. 8 illustrates ballistic limit speeds of seven specimens, after attempting six
successful ballistic impacts, at various targets’ angles with different volumes of CNT
added into the epoxy resin including 0, 0.1, 0.3, 0.5, 0.7, 1, and 1.5 percent. In these
single line graphs, X-axis indicates percentages of CNT while Y-axis indicates ballistic
limit in meter per second. In addition, Fig. 5 shows how various percentages of CNT
increased fairly rapidly until 0.3% CNT, and then remained constant at the same level in
1% and 1.5% CNT.

Ballistic Limit vs CNT%
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Fig. 8 Ballistic limit at angles with different amount of CNT

Ballistic limit speeds at 120 degrees of target differ from 168m/s to 196m/s in
different percentages of CNT from 0 to 1.5%. The Ballistic limit speed in the neat epoxy
resin composite is 152m/s. By adding CNT into the epoxy resin the speed resistance can
be improved. In addition, the positive effect of the CNT inclusion into the epoxy resin is
obviously illustrated that by adding 0.1% the speed is 176m/s while by adding 0.3% the
speed is at maximum level from 196m/s to 223m/s; it shows at least 18m/s improvement
of reinforcement technique. By increasing percentages of CNT from 0.3% to 0.5%, which
is the maximum point, the increasing of the speed can happen. By adding more than 0.3%
CNT, the ballistic limit is gradually dropped from 196m/s to 185m/s at 0.7% of CNT. By
increasing the amount of CNT the ballistic limit speed is decreased; by adding 1% of
CNT, the speed rises from 166m/s to 199m/s and then the speed drops from 166m/s to
199m/s. However, the speeds were still more than the neat epoxy by adding more than
0.3% of CNT. Moreover, there was a plateau of the ballistic limit between 154-207m/s by
adding CNT from 1 to 1.5%. In conclusion, the line graph displays the optimum
percentage of CNT is 0.3% and by adding the CNT ballistic limit increasingly dropped.
Nevertheless, it is apparent that the ballistic limit velocities increase with inclination and
that the saturation limit for CNT content is 0.3 %.
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Fig. 9 shows ballistic limit speeds of seven specimens at 140 degrees of target with
different volumes of CNT added into the epoxy resin including 0, 0.1, 0.3, 0.5, 0.7, 1, 1.5
%, and theoretical graph for the ballistic limit velocity. In this seven-line graphs, X-axis
indicates angles degree while Y-axis indicates ballistic limit in meter per second.
Increasing the angles can improve the body resistance against the impact, i.e. the highest
ballistic limit velocity is for 0.3% CNT at 140 degree and the lowest is for neat epoxy at
90 degree. The slanting protective layer can fabricate confirmation by an instrument,
thickness of the plate disengaged by the cosecant of the point from impact course. Along
these lines, the case for the occasion of a 100mm piece of plate at a 40° inclination from
vertical with the shell course being parallel to the ground; according to 100 x sec (40) =
100 x 1.56 = 156. In the hindrance, by increasing the angles, the thickness is growing.
Therefore, by saving the same mass due to increased thickness, the ballistic energy
absorption can rise without increasing the mass. It means that, for example, at specimen
thickness at 100mm, at 40 degrees the thickness can be achieved at 156. In other words,
the energy absorption can be increased at 56%. However, the lowest ballistic limit of neat
epoxy is higher than the theoretical one; this resistance happens due to the use of carbon-
Kevlar fabric. The energy absorption of the ballistic impacts is directly proportional to
their angles. Based on Equation 3, in Table 1, the greater the energy, the larger the angle
(up to 90 degrees).

Ballistic Limit vs. Degrees
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Fig. 9 Various specimens versus ballistic limit velocities

Table 1 ballistic limit by using TM5-855-1

Degree  Speed (m/s)

90 135
100 137
110 142
120 151
130 166

140 192
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Fig. 9 illustrates and compares the amount of the ballistic limit energy absorption (in
Joules) of seven carbon-Kevlar hybrid fabrics with various percentages of CNT added to
the epoxy (from 0% to 1.5%) impacted on six different angles (from 90 to 140 degrees).

Energy Absorption vs Angles
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Fig. 9 Ballistic energy absorption of specimens at different angles

On the whole, the composite with inclusion of 0.3% CNT spent more energy on 140
degrees than 0.3% in the angles. All the composites with 0.3% CNT spent most of their
energy absorption on different angles; whereas, the least amount of energy was spent on the
neat epoxy in the 90 degrees compared to the neat epoxy in the 100 degrees also 1% and
1.5% CNT in the 90 and 100 degrees. Furthermore, the most significant difference in the
ballistic energy absorption between the two composites was in CNT percentage. Besides, in
terms of angles, samples in the 140 degree spent about 250 J to more than 300 J on this as
opposed to the 1% and 1.5% CNT in 90, 100, and 110 degrees at about 150 J. Similarly, the
130 degree ballistic energy absorption was higher on the 1% and 1.5% CNT in 130 degrees
than the neat epoxy and 1% or 1.5% CNT in 90, 100, and 110 degrees (around 200 J and
210 J, respectively). In the 120 degrees ballistic energy absorption on 0.3 % CNT (just over
350 J) was over 60% that of neat epoxy, 1% and 1.5% CNT in 90, 100, and 110 degrees,
which was only 150 J. On the other hand, the amount of the energy absorption depleted on
the remaining samples was higher in with CNT epoxy. Above 250 J was depleted by the
120, and 130 degrees on most samples, which was slightly more than the 100 degrees
deplete about 225 J. Neither of the 140 degrees depleted much on 0.3% CNT, which
accounted for over 300 J of energy absorption also in 0.3% CNT but approximately 220 J in
the 90 degrees. High shear mixing to disperse homogeneously, the entanglement of CNTs
produced by the agglomerates of CNTs caused by the intermolecular van der Waals force
must be broken for homogenization, which can construct further fillers on obtainable surface
area. A further intensification of similarity to composite material could be attained by a
chemical functionalization of the carbon nanotube surface, through covalent or ionic bonds
to the resin epoxy matrix. The bonds enable a stress transfer between the resin epoxy and
CNTs, which leads to enhancing of the interfacial interactions. Furthermore, the covalent
bonding is stronger as physical interactions anticipate a negligible influence on the ballistic
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impact performance of CNTs. Therefore, the reinforcement surface functionalization of
CNTs accompanying noticeable dispersion of nanotubes in the matrix is the vital issue in
developing CNT/resin epoxy composites. CNTs may result in tube breakage. The results
illustrate some breakages transpire which signifies CNTs decrease by accumulating energy
input. The rate at which CNTSs is reduced abates as the material is dispersed and the tube
separation increases. Consequently, tube breakage is not a serious problem and the aspect
ratio of the tubes remains very high. Therefore, satisfactory dispersion can be achieved at
the expense of an acceptable reduction in CNTSs.

Fig. 10 illustrates the intact composite specimens (A) and impact C-scan proceeds before
(B) and after (C) the ballistic impact test. Soon after that, the ultrasonic inspection shows
that there are no types of delamination and voids on the samples before the ballistic impact
occurrence in Fig. 10 (B). The contrast in tints and shades tone prevails because of the depth
of the signal or deviation of the amplitude emitted under the sample, and can be helped with
surface irregularities, which are inherent to the process. However, after conducting an
oblique ballistic impact event, the extent of damage is clearly revealed in Fig. 10 (C).

Fig. 10 C-scan inspections at 0.3% CNT

Fig. 11 displays in macroscopic scale the behavior of the composite plates in relation
to the reinforced laminates at 0.3% CNT; it also shows total amount of the absorbed
ballistic impact energy the specimen absorbed during the entire oblique impact test at 140
degrees. Therefore, the deformation of the laminates is observed as a repercussion of the
beneficial combination of carbon fiber reinforcement with the CNT epoxy, which presents
higher capability to disfigure without fracture. Moreover, it presents the types of damages
occurring in the tested laminates on back. The observation called a small damage describes
the initiating of delamination partially relating to fracture and it describes the delamination
of various layers and the delamination of some layers. However, the specimen is completely
penetrated by a high speed impact without complete fracture and the fractured specimens
were impacted with adequate energy to clinch a complete failure. Accordingly, measuring
the total ballistic impact energy absorbing capability is named penetration resistance.
Correspondingly, the amount of the energy preliminary to the total penetration is related
to the highest load, namely, the load the structure can bear before breaking utterly. Hence,
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maximum amount of the tolerable force by the material without even whole perforation is
saturation ballistic impact energy [48-51]. To sum up, it can be clearly seen that
resistance of reinforce matrix caused less fracture, which occurred despite the fact that the
tearing of the fabrics matrix is still strong enough to trap the bullet.
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Fig. 11 Back face’s specimens after impact at 140 degree with 0.3% CNT

4, CONCLUSIONS

Investigational studies were conducted experimentally on the ballistic impact behavior of
the nanoparticle dispersed unidirectional laminate specimens Carbon Kevlar® Hybrid
fabrics/epoxy composites with and without CNT. For comparison, studies were carried out
on unidirectional laminate specimens Carbon Kevlar® Hybrid fabrics/epoxy with and
without CNT. Damage and energy absorbing oblique ballistic impacts at different angles
(90, 100, 110, 120, 130, and 140 degrees) for the different materials investigated are
presented. Experimental data are given for the ballistic impact behavior of the seven types of
specimens with CNTs (0, 0.1, 0.3, 0.5, 0.7, 1, and 1.5%) examined. The specific observations
are: firstly, the ballistic limit speed (Vso) can state comprehensibly that incorporating
moderate loading of an optimized weight fraction of CNTs at 0.3% into Carbon Fiber /
Kevlar® Hybrid fabric due to interlocking and Van der Waals forces improved the
mechanical properties of the resultant nano-composite, accordingly were attributed to the
CNTs being well dispersed within the resin epoxy; secondly, a higher amount of the CNTs
(0.5-1.5 wt. %) provided insufficient improvements in the impact energy absorbing
properties, consequently at more than 0.3% of the CNTSs significant reductions were technically
recorded; thirdly, improvements in impact mechanical properties can be analytically achieved
by increasing the angles of targets about 26%, which is providing the most significant
improvements in impact resistance due to rising the applied thickness of target analytically;
lastly, CNTs reinforced composites exhibit more advantageously impact mechanical
properties than neat epoxy. Moreover, CNTs normally exhibit elevated stiffness and
extraordinary ballistic impact resistance, whose superior properties are predominantly
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attributed to the presence of robust SP%-bonded carbon-carbon lattice in their external shells;
contrary to this, considering increasing the volume of CNTS, agglomeration can be occurred.
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