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ABSTRACT

This numerical study compares the ballistic performance of Kevlar and UHMWPE (Ultra-High Molecular
Weight Polyethylene) helmets. Armor models were obtained from experimental, numerical, and analytical studies in
the literature, as well as the mechanical properties of Kevlar and UHMWPE were also obtained from the literature.
Ballistic limit studies were performed to verify the materials. The residual velocities of FSPs fired at Kevlar and
UHMWPE plates were compared with experimental data in the literature for Kevlar and the error rate was found
to be 4.64 %. The UHMWPE ballistic limit converged to the analytical model in the literature with an error rate
of 1 %. After the validation of the models, the ballistic performance of the helmets was analysed according to the
NIJ 0106.01 standard. The pressure changes, pressure distributions, and positions of Kevlar and UHMWPE helmets
under ballistic impact are shown. In addition, composite damages and Back Face Deformations (BFD) of the helmets
were calculated. Kevlar ballistic helmet BFD value was 16.9 mm, while UHMWPE ballistic helmet BFD value was
18.8 mm. Thus, the ballistic protection performance and ballistic impact mechanisms of the helmets were analysed.
While both helmets were found to provide NIJ II level protection, the fibre and matrix damage in the Kevlar helmet
was higher than those of the UHMWPE helmet, but the BFD causing trauma was lower than those of the UHMWPE
helmet. However, when the density of the UHMWPE helmet is considered, it is effectively lighter than the Kevlar
helmet. In this study, numerical models of Kevlar and UHMWPE helmets were introduced to the literature and a
study comparing their ballistic protection effects was conducted and the results are intended to guide future designs.
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NOMENCLATURE

Ve : Ballistic limit velocity

V. : Residual velocity

FSP : Fragment simulating projectile

FMJ : Full metal jacket

1. INTRODUCTION

Modern helmets are a type of wearable armour that
protects the head area of military personnel in conventional
warfare situations and asymmetric military conflicts, but they
must provide ballistic protection against ballistic threats, fast
particles, and explosions'. The head and neck area causes
12 % of a person’s body. Traumatic Brain injury (TBI) caused
by a threat hitting this area is the cause of death and disability
in modern conflicts'. According to the Defence and Veterans
Brain Injury Centre (DVBIC), 444,328 TBIs were recorded
between 2000 and 20212 Modern helmets should be designed
in such a way that many communication technologies can
be used on them as well as high protection level, lightness,
and comfortable use. In helmet design, critical issues such
as materials, ballistic impact mechanisms, manufacturing,
performance, and protection against head injuries need to
be addressed. Modern helmets are manufactured from high-
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strength, lightweight composite materials that have proven
themselves as ballistic protection. There are basically two
main materials, KEVLAR and UHMWPE fibres'.

Since the First World War, many helmets have been
designed against ballistic threats and high-speed fragments.
According to research, US military forces used helmets made
of M1 steel from the 1940s to the late 1970s. These highly
rigid helmets could provide some ballistic protection, but they
were heavy and uncomfortable and offered little protection
from blunt trauma3. Kevlar, produced by Stephanie Kwolek
and patented by DuPont, has started to be used as a ballistic
material due to its high strength, lightweight and high
toughness properties*. After Kevlar proved itself as a ballistic
material, PASGT (Personel Armour System for Ground Troops)
emerged as the first helmet made of composite materials in
the mid-1980s'*. The PASGT helmet evolved into the lighter
MICH (Modular Integrated Communications Helmet) helmet,
on which integrated communication systems are placed.

Since the 2000s, ACH (Advanced Combat Helmet) has
been used as the primary helmet by the USA'. Recently, with
the development of material technology, UHMWPE (ultra-
high molecular weight polyethylene) composite has taken its
place in ballistic applications due to its very good ballistic
performance along with its strength and mass performance'*.
Thermoplastic-based UHMWPE has attracted great interest
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in military armour applications due to its high fibre strength
and low weight. With the introduction of UHMWPE in
combat helmets, ECH (Enhanced Combat Helmet) helmets
have emerged and it has been determined that the high-speed
particle protection rate is at least 37 % higher than ACH, a
Kevlar-based helmet®.

Analyses of ballistic mechanisms are extremely
complicated. Numerical, analytical, and experimental studies
can be carried out for these analyses, as well as a combined
approach. In the following paragraphs, examples of these
analyses in the literature will be described.

An article presents a comparative study on the design,
materials, and ballistic performance of combat helmets used by
the US Army. Curvature was found to have a significant effect
on the ballistic limit of the composite helmet®. The ballistic
performance of the Advanced Combat Helmet was evaluated
numerically and experimentally. The studies were carried out
according to the requirements of the NIJ-0106.01 standard.
Simulations were also carried out together with experimental
studies. A 9 mm projectile and a 1.1 g Fragment Simulating
Projectile (FSP) were used in the study. In the simulation, the
helmet was subjected to ballistic resistance testing, and the
predicted Back Surface Deformations (BFD) were shown to
be consistent with the test data’. In another study, the response
of Aramid composite helmet shells under the ballistic effect
of FSP and Full Metal Jacketed Projectiles was analysed by
simulations. Experimental studies on composite plates and
ballistic tests on the helmet provided real data, which were
compared with model predictions and the accuracy of the
developed numerical models was proved®. In another study,
a finite element (FE) model of a Kevlar helmet and head
was created. The data obtained from FE simulations are
biomechanical behaviours such as stress in the skull bone and
strain in the brain tissue. According to the literature, compact
cranial bone fractures are observed at 48-128 MPa in tension
and cancellous bone fractures at 32-74 MPa in compression’.
Explains that injuries can occur with blunt trauma caused by a
helmet BFD. Possible resulting injuries include skull fracture,
haematoma, concussion, contusion, diffuse axonal injury, etc.
In one study, helmet performance testing methodology was
developed using digital imaging!®. In another trauma study,
finite element analysis was used to optimize composite helmets
taking into account biomechanical requirements. The results of
high-speed impacts of a human head protected by an aramid
combat helmet under the ballistic limit were analysed''. In one
study, the impact response of a composite structure consisting
of a metal-filled ceramic interlayer and UHMWPE laminate
was investigated through ballistic testing and numerical
simulation'?. In another study, a finite element model was
developed to predict the behaviour of UHMWPE fibre
composite laminates under impact loading. Detailed views of
fracture modes and delamination patterns in composite layers
were obtained and analysed®.

Studies to date have shown that modern ballistic helmets no
longer show full penetration, and provide protection according
to the N1J 0106.01 standard. However, blunt trauma is still a
serious problem. It is very important to design lightweight and
reliable helmets that fully protect military personnel from the
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effects of trauma. For this reason, new materials with advanced
technology have started to be used. These materials are Kevlar
and UHMWPE fibres. Some countries or associations around
the world still use Kevlar ballistic helmets. The ballistic
performance of Kevlar has been analysed experimentally and
numerically both as a plate and as a helmet. However, although
there are studies on the plates of UHMWPE composites, there
is no analysis of a ballistic helmet in the literature. There are
many differences between the impact mechanics of ballistic
helmets and the impact mechanics of plates. Curvilinear
surfaces are the most obvious difference of helmets and at the
same time protect the most critical part of the human body. In
this study, the ballistic behaviour of Kevlar 129 and UHMWPE
plates was verified by studies in the literature. A new model
was created for the ballistic helmet made of Kevlar 129
composite, which has high ballistic performance and is still in
use. In addition, UHMWPE ballistic helmets consisting of very
low-density and strong fibres, which have become widespread
in the world, have also been numerically modeled for the first
time and introduced to the literature. The behaviours of both
modeled helmets under the ballistic impact, their protection
effects, weight parameters, and pressure responses due to
impact were revealed and compared. Pressure generation at
the moment of impact, its locations, and its distribution along
the impact were observed. BFD and composite damages on the
helmets were analysed and the advantages and disadvantages
of both advanced helmets were discussed. It is thought that
the comparison of the protection mechanisms of the numerical
helmet models introduced to the literature in the same study
will shed light on future studies and will be an effective
resource for designers.

2. METHODOLOGY

Numerical methods and programmes can be used to
explain and analyse mechanics such as ballistics, impact and
fall. Very complex problems can be solved and mechanics
can be explained with software programmes'®. Recognised
and universally accepted standards are used to assess ballistic
performance. These are the NIJ 0106.01 and STANAG V.
ballistic standards. Here, the NIJ standard can be summarised
as a pass-or-fail test. A shot is fired at the helmet, which is
attached to a head form, from a certain distance. Chronograph
between the helmet and the barrel, the bullet speed can be
measured. Thus, the protection level of the helmet can be
determined depending on the standard bullet and its speed.
The amount of deformation in the helmet after the shot can
be measured. The protection status against dynamic high-
velocity impacts related to the identified threats is examined".
NIJ standard threat types and speeds are given in Table 1. The
helmet geometry subjected to NIJ tests in this study is as given
in Fig. 1.

NATO STANAG 2920 standard focuses on the V oot
(Ballistic Limit) and V', ballistic tests and the national authorities
can define the mlmmum V oor according to the technical
specifications of armor or ballistic protection materials. The
main factor in defining the V oot and ¥V velocity is the risk
analysis of national authority. 'NATO STANAG 2920 standard
gives an opportunity to have a protection against different
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Figure 1. Helmet dimensions (all dimensions are in mm).
Table 1. NI1J 0106.01 standard's residual velocity values of the threat can be calculated.
— P _ypryl/p
Protection level Threat Weight (g)  Velocity (m/s) Vies = aWinp =V") )
Vinp >V
22 LRHV 2.6 320+ 12 g o , o @
I 38 Special 10.2 259+ 15 Here, 7, is the impact velocity of the projectile, 7 is the
RN residual velocity after the projectile pierces the plate and V,, is
-A 357 Magnum  10.2 38; * }5 the ballistic limit velocity. a and p are the coefficients obtained
25'17“;/IFMJ 21;0 5 i;si 12 from experimental data and when p=2, the equation is called
agnum : Recht-Ipson approximation.
1 9ommFM] 8 358+ 15 PSOn approx
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Figure 2. (a) Finite element models of the plate; (b) Finite element model of the ballistic helmet; (c) Model of the Fragment Simulating
Projectile (FSP) (STANAG); and (d) Model of the Full Metal Jacket (FMJ) bullet (N1J)

projectiles ?nd diﬂ”eren.t V oor ' — a2, - V">
risk analysis of the national authority on the armor!¢. o

Another approach to the ballistic limit concept is the a=——
Lambert-Jonas approach. With this analytical approach, the (M +m) 4)
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M, is the mass of the projectile and m is the mass of the
fragment broken off from the projectile by the impact.

In other words, when V =0, the impact velocity Vi is
equal to the ballistic limit velocity V,,"".

In this study, threats and armours were modeled in
Solidworks. The composite modeling was performed in
ANSYS/ACP and LS-DYNA was used as solver.

Before evaluating the ballistic performance of the helmets,
STANAG ¥, and residual velocity (V) studies were carried
out on Kevlar and UHMWPE plates and the results were tried
to converge with the literature.

STANAG V., test was performed for Kevlar plates. For
this standard, the bullet was selected as FSP (.22 cal) and
convergence to the literature was attempted.

For UHMWPE plates, a 20 mm FSP projectile was used
and residual velocities (V) were determined and verified with
the literature.

FMJ (8 g) bullet was used in ballistic tests for helmets
according to NIJ standards. MAT RIGID material model is
defined as a material model for threats.

For mesh optimisation, shots were made on helmets with
different mesh sizes. The study was performed for both Kevlar
and UHMWPE helmets. The amount of BFD occurring after
the shot was considered accurate to the extent that the mesh-
dependent results varied negligibly. The results are given in
Table 2.

Table 2. Mesh optimisation study for helmets

Mesh size BFD of Kevlar Helmet BFD of UHMWPE
(mm) (mm) helmet (mm)

4 15.7 14.7

2 17.2 152

1 16.9 18.8

0.5 17.0 19.0

The finite element models shown in Fig. 2 were optimised
by performing many ballistic tests. There are 23,808 elements
in the plate and 15,363 elements in the helmet. The mesh size
was determined as 1 mm with the parametric shooting trials.
Here, the results do not change in sizes below 1 mm mesh size.
Here, the plates were fixed from the edges, while the helmets
were fixed from the lower edges of the ear parts. The reason
for this is both because it is connected to the fixture from the
connection apparatus in the ears in the standard and because it
is the region that will affect the analysis result the least.

Ballistic helmets were modeled with 15 layers and 6.8 mm
in thickness. The composite plates to be used for STANAG
2920 tests were modeled as 20 layers with shell elements in
ANSYS/ACP.

The same material model and solution equations were
used for both armours.

MAT ENHANCED COMPOSITE DAMAGE material
model was used as the material model. The contact relationship
between the threat and the armor was defined with the
ERODING _SURFACE TO_SURFACE contact algorithm.
In numerical analysis, the 5. type HOURGLASS based on the
Flanagan-Belytschko stiffness form is defined to avoid non-
physical deformations in composite plates. The mechanical
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properties given in Table 3 are defined when modeling
composite armors.

The macroscopic representation of UHMWPE laminates
is orthotropic. Fort this orthotropic material, its constitutive
relation can be expressed as:

1 -vy, v 0 0 0
E, E, E,
Vi 1 —Vas
—= — —= 0 0 0
“ E, E, E, i
82 — Vl} _ V23 L 0 O 0 0—2
& _) E E, E, O3
V23 0 0 0 R 0 0 ||%2s
713 Gos 1 Ti3
712 0 0 0 0 G_ 0 T
13
0 0 0 0 0 L
G12 (5)

where, E, G, v were the elastic modulus, shear modulus, and
Poisson ratio of the composite laminate, respectively, and the
subscripts 1, 2, and 3 denoted local element axes. The mec-
hanical properties used in the equation solutions are shown
in Table 3. Equation definitions for the material card MAT 54
used for composite damages are as follows'?:

For the tensile fiber mode,

o, >0 then
’ (>0 fuiled
2 Uaa O-ub - atle
€ (X, j ﬂ( SC j {< 0 elastic (6)
=0 (7

Eu = Eb = Gab :vba :Vab

For the compressive fiber mode,

o, <0 then
oo (JJZ _1{2 0 failed

‘ X, <0 elastic (8)
E =v, =v,=0 )

For the tensile matrix mode,

o,, >0 then

2| O ’ o ’ 20 failed
" (Y] A (s] - 1{< 0 etastc (10)
E =v,,=0>G,=0 (11)

Table 3. Mechanical properties of Kevlar 129 and UHMWPE!*!!

Mechanical Kevlar 129 UHMWPE
properties (Dyneema HB 26)
Density(kg/m®) 1230 970

E, (GPa) 18.5 34.257

E, (GPa) 18.5 34.257

E, (GPa) 6 3.26

G,, (GPa) 0.77 0.1738

G,, (GPa) 2.5 0.5478

G, (GPa) 2.5 0.5478

v, 0.25 0

V,, 0.33 0.013

v 0.33 0.013

13
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For the compressive matrix mode,

o,, >0 then
2 2
¢ =| T | o[ L q] —1]%
28, 28, Y,
2
N O 1 >0 failed
SC <0 elastic (12)
E, =v, =v,=0= Co="
b =Voa =Var = :>Xc —oy, (13)

3. RESULTS & DISCUSSIONS

At the beginning of the helmet analysis, the mechanics
of UHMWPE and Kevlar armours were investigated by
converging numerical, experimental, and analytical studies
in the literature to examine the solution capabilities of the
program for the case to be studied and to ensure the accuracy
of the ballistic helmet modeling.

Firstly, studies on Kevlar and UHMWPE plates were
identified to validate the models. Ballistic limit and residual
velocity studies of Kevlar and UHMWPE plates were taken
from separate papers and validated for their respective cases.

Aballistic helmet was modeled with the validated material
models and programme solving capability. This helmet was
modeled as both Kevlar and UHMWPE armour and tested
according to NIJ standards. The aim here is to compare the
ballistic protection mechanisms of Kevlar and UHMWPE
helmets. In this study, the advantages and disadvantages of
both helmets compared to each other are presented numerically,
and while presenting this situation, it is aimed to provide a
validated UHMWPE helmet model to the literature.

3.1 Ballistic Limit Study for Kevlar Plate

The ballistic limit study is statistical. In V_ tests, which
are subject to STANAG standards, a minimum of six shots are
fired with a fragment simulating projectile. The three highest
velocities at which the armour cannot be penetrated and the
three lowest velocities at which the fragment can penetrate
the armour are averaged'®. A numerical approximation to an
experimental V_ test in the literature was attempted for the
modeling and validation of Kevlar plates. The ballistic limit
value of the plate was investigated by firing 0.22 cal FSP at
different velocities to Kevlar plates measuring 400x400%9.1
mm. The results were recorded as full penetration and partial
penetration. CP (Full Penetration) and PP (Partial Penetration)
means. The limit where the armour completely absorbs the
energy of the threat and the remaining velocity is very low is
accepted as the ballistic limit. Table 4 shows the data of the
experimental ballistic limit study in which full penetration
(CP) and Partial Penetration (PP) cases were observed at
different ballistic impact velocities. An average velocity value
was taken from the experimental study and as a result, the
ballistic limit was estimated. This estimate is 686.6 m/s®.

As shown in Table 4, a large number of shots were fired
at the model prepared for numerical simulations. Velocities
were increased at 10 m/s intervals. Ballistic limit calculation
was performed and high convergence was achieved with
experimental ballistic limit studies. In the numerical study, the

Table 4. Experimental ballistic limit studies in the literature®
and the ballistic limit calculation performed in this

study

!Salllstlc Velocity CP PP

impact (m/s)

1 696.3 v e o

b 6915 N Xp§r1menta V.,
the literature (£30

3 658.5 \ ms)

4 665.6 V 686.6

5 692.2 J

6 703.7 V

7 670.2

!Salllstlc Velocity CP PP

impact (m/s)

: 680 v Ballistic limit i

5 690 N allistic limit in
this study (£ 10

3 700 V

4 710 \ m/s)
720

5 720 V

6 730 J

7 740 v

ballistic limit was found to be 720 + 10 m/s. Here, the crossing
of the FSP at very low speeds is accepted as CP, while the FSP
cannot cross completely and turns back is accepted as PP. In
PP cases, damage was observed on the plates in collisions at
speeds close to the ballistic limit.

When the ballistic impact occurred at 720 m/s, the
residual velocity was calculated very low (almost zero). The
armor could not be penetrated in the ballistic impact performed
10 m/s below this velocity, and the armor was completely
penetrated in the ballistic impact performed above 10 m/s. The
error rate between the numerical analysis and the literature
study® was found to be 4.64 %.

Figure 3 shows the over time pressure distributions
resulting from the impact of 0.22 cal FSP at 720 m/s on the
Kevlar plate. The instantaneous pressure that starts as a point
starts to spread in the fibre directions and when the pressure
reaches the plate boundaries, it is distributed over the entire
surface. When the threat passes to the back surface of the
armour and breaks contact, the pressure decreases over time.

3.2 Residual Velocity Study of UHMWPE

Residual velocity is the velocity of the threat after it hits
the armour and causes full penetration. This velocity is related
to how much the armour can absorb the energy of the threat.
To determine the energy absorption capacity of UHMWPE
armour and to verify the prepared model, the study was carried
out using data from previous numerical and analytical models
in the literature.

The projectile used for the analysis here is a FSP made
of 4340 steel with a diameter of 20 mm and a mass of 54 g.
A UHMWPE plate measuring 300x300x10 mm was used for
ballistic test analysis. In this study, convergence to a previous
numerical simulation study'® and the Lambert-Jones analytical
model is attempted. The initial velocities and residual velocities
of the FSP were evaluated in the study.

Asshown in Table 5, the numerical ballistic analysis results
are consistent with the analytical results. For the study, four

871



DEF. SCI. J., VOL. 74, NO. 6, NOVEMBER 2024

(e

Table S. Comparison of the V/__residual velocities obtained from
this study with numerically founded in the literature
and analytically calculated V_ residual velocity values®

Ballistic impact Lambert-Jones analyti- This study
velocities (m/s) cal equation V. (m/s) V. . (m/s)
425 197.75 227

443 243 244

470 297.95 268

648 553.65 521

shots were fired at different velocities, and residual velocities
were determined. After four shots, Lambert-Jones converged
to the analytical equation with an average error rate of 1 %.
As a result of this study, the model should be considered to be
highly accurate. Figure 4 shows the time-dependent pressure
distributions on UHMWPE plates as a result of the impact of
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Figure 3. Variation of pressure distribution in Kevlar plates over time; (a) t = 0.0000425 s; (b) t = 0.0000169 s; (c) t = 0.00008S5 s;
(d) t =0.0000254 s; (e) t = 0.0000127 s; and (f) t = 0.0000297 s.

a 20 mm FSP with a speed of 648 m/s on the UHMWPE plate.
The high caliber FSP hits the plate well above the ballistic limit
velocities. While the instantaneous pressure generated at the
impact point spreads, pressure build-up is also observed at the
support points.

3.3 Ballistic Performance of Kevlar and UHMWPE

Helmets

Here, the performance of ballistic helmets has been tested
and compared according to the N1J II level. 9 mm parabellum
(8 g) threats were fired at 358 m/s into the front of the ballistic
helmets. The performance of Kevlar and UHMWPE ballistic
helmets of the same geometry and thickness was analysed.

The back surface deformation causing head trauma is
defined as dynamic deformation. The armour, which moves
with the threat for a while, tries to return to its old geometry
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(@) (b)

(©) (d)

O] (H

Figure 4. Variation of pressure distribution in UHMWPE plates over time, (a) t = 0.0000148 s; (b) t = 0.0000599 s; (c) t = 0.0000299
s; (d) t =0.000749 s; (e) t = 0.0000449 s; and (f) t = 0.000899 s.

(a) (b) (c)
Figure 5. Position and coordinates of the helmet and the threat relative to each other, (a) Helmet coordinates; (b) Position 1; and
(c¢) Position 2.
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when the kinetic energy of the threat is exhausted. In this study,
dynamic deformation is considered as back-face deformation.

3.3.1 Ballistic Performance of Kevlar Helmet

Ballistic helmets are modeled with 15 layers and 6.8 mm
in thickness. The threat was fired directly into the frontal area
of the ballistic helmet.

The firing conditions are shown in Fig. 5. The initial state
of the threat and the moment of impact are shown in position
1 and position 2.

In ballistic tests where no damping elements were used,
the dynamic deflection of the Kevlar helmet was measured to
be 16.9 mm. Although a complete penetration did not occur,
lateral damage was observed in the composite structure. Here,
it is shown in Fig. 6 (a) that the damage progressing in the
composite laminae shows tearing in the helmet axis. The
helmet shell, which reached the stress and strain limits, showed
separations on the equatorial axis.

The type of composite damage that occurred in the Kevlar
helmet is very similar to the type of damage that occurred in
the Kevlar helmets in previous studies. The area of permanent
deformation is elliptical’. As shown in Fig. 6 (a), the thickness
of the helmet decreases from 6.8 mm to 5.1 mm at the impact
location and an even opening is observed. This situation can be
considered as delamination as well as fibre and matrix damage.
In the previous experimental and numerical model developed
by Palta’, et al. 9 mm FMJ was fired into a Kevlar helmet
and fibre and matrix damage as well as delaminations were
observed at the impact site.

According to NIJ II standards, the over time pressure
distributions in the Kevlar helmet after a ballistic shot are
shown in Fig. 7(a). The sudden point pressure starting with the
impact of the endpoint of the threat shows a distribution in the
helmet geometry as the projectile advances. Until the energy of
the projectile was exhausted, the pressure along the fibre axes
in the helmet continued to disperse. After the projectile was
stopped, the pressure in and around the impact zone decreased
by spreading over the entire geometry. The instantaneous
pressure generated here is point pressure and is distributed
depending on the helmet geometry. Tearing and fibre-matrix
damages were observed at the points where the pressure was
maximum.

3.3.2 Ballistic Performance of UHMWPE Helmet

In this section, NIJ II level ballistic tests were simulated
in a UHMWPE ballistic helmet with the same coordinate
axis, geometry, number of layers, and thickness as the Kevlar
helmet. UHMWPE is thermoplastic-based and is a very light
and relatively soft material with strong fibers. The dynamic
back face deformation of the UHMWPE helmet was measured
as 18.8 mm after the shot. Crushing and deformation were
observed.

As shown in Fig. 6(b), the thickness change in the
UHMWPE helmet at the moment of the highest impact
pressure is not as high as in the Kevlar helmet. The thinning
of the composite at the impact location is around 0.1 mm. In
addition to this crushing, back face deformation was measured.
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According to NIJ II standards, the over time pressure
distributions in the UHMWPE helmet after the ballistic shot are
shown in Fig. 7(b). The sudden point pressure starting with the
impact of the endpoint of the threat shows a distribution in the
helmet geometry as the projectile advances. The pressure along
the fibre axes in the helmet continued to distribute until the
energy of the projectile was exhausted. After the projectile was
stopped, the pressure in and around the impact zone decreased
by spreading over the entire geometry. The UHMWPE helmet
absorbed all the pressure and complete penetration was not
observed. The maximum point pressure value is lower than the
maximum pressure value of the Kevlar helmet.

3.3.3 Ballistic Performance Comparison of Kevlar and
UHMWPE Helmet

As a result of the analysis, both Kevlar and UHMWPE
helmets provided the required protection at the NIJ II level in
the specified layer and thickness. Full penetration did not occur
in both ballistic helmets. Dynamic back face deformation was
slightly higher in the UHMWPE helmet than in the Kevlar
helmet. The threat pushes the shell of the helmet until its energy
is exhausted and stops pushing when its energy is exhausted. If
this deformation occurs until the personnel’s skull is impacted,
it causes trauma. Table 6 shows the dynamic deflection causing
the trauma.

It can be argued that the lower density and therefore lower
weight of the UHMWPE helmet will provide a significant
advantage to military personnel on the battlefield. Considering
the densities, the UHMWPE helmet is 21.2 % lighter than a
Kevlar helmet of the same volume. In addition, while fibre
and matrix damage and composite segregation were observed
in the Kevlar helmet, this was not observed in the UHMWPE
helmet.

(b)
Figure 6. Composite damage on Kevlar and UHMWPE helmet
after NIJ II test, (a) Kevlar helmet; and (b) UHMWPE
helmet.
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Kevlar helmet pressure distribution UHMWPE helmet pressure distribution

(1)
Figure 7. Variation of pressure distribution in a Kevlar and UHMWPE helmets over time, (a) t = 0.0000449 s; (b) t = 0.0000449
s; (¢) t =0.0000899 s; (d) t = 0.0000899 s; (e) t = 0.0001199 s; (f) t = 0.0001199 s; (g) t = 0.0002 s; (h) t = 0.0002 s; (i) t=

0.0003 s; and (j) t= 0.0003 s.
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Table 6. Ballistic performance comparison of Kevlar and
UHMWPE helmets
Dynamic .
Helmets deflection C::::)rl:::on g(el;ls:lg
(mm) p 2
Kevlar helmet 16.9 NO 1230
UHMWPE helmet 18.8 NO 970

4. CONCLUSIONS

In this study, the ballistic performance and protection
mechanisms of Kevlar and UHMWPE helmets at NIJ
protection levels were analyzed and compared. Firstly, a
ballistic limit determination study was carried out on the Kevlar
plate according to STANAG standards with experimental data
obtained from the literature. The results of the experimental
study converged with a margin of error of 4.64 %. In the
verification of the Kevlar model, 1.1 g of FSP was fired at
400%400%9.1 mm, 20-layer composites. The ballistic limit was
found to be 720 + 10 m/s.

In the verification of UHMWPE armour, convergence
with a previously developed model was attempted. In the
residual velocity determination simulations, 20 mm FSP was
fired at a 300x300%10 mm plate. Convergence to the previous
analytical model converged with an error of 1 %. The accuracy
of the numerical models created within the scope of this study
has been proved with the studies carried out on Kevlar and
UHMWPE plates.

Ballistic helmets were modeled after sufficiently
converging plate armour. At the NIJ IT level, an 8 g FMJ threat
was fired at 358 m/s into the front of the helmet. Dynamic
deformation and composite damage were investigated in
ballistic helmets. The pressure changes of both ballistic helmets
over time were also calculated and presented in the literature.
While 16.9 mm dynamic deformation occurred in the Kevlar
helmet, geometry separation, fibre, and matrix damage were
observed. In the UHMWPE helmet, the dynamic deformation
was measured as 18.8 mm, but no composite damage was
observed as in Kevlar. In conclusion, both ballistic helmets
provide NIJ II levels of protection. However, the UHMWPE
helmet is 21.2 % lighter than the Kevlar helmet due to its
very low density and the absence of any observed separation,
it can be concluded that it will be advantageous for military
personnel on battlefields.
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