’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 12 Issue: 01 | Jan 2025

www.irjet.net

p-ISSN: 2395-0072

Optimization of Material Armor for Bullet Impact using Explicit
Dynamic Numerical Method

Bhagyashri Jadhavar?, Dr.Digambar DateZ, Dr.V.V.Mane?3

IM.Tech Student Dept. of Mechanical Engg. College of Engineering Dharashiv, Maharashtra, India
2H.0.D. Dept. of Mechanical Engg. College of Engineering Dharashiv, Maharashtra, India
2Principal College of Engineering Dharashiv, Maharashtra, India

Abstract - This project work is based on the LS-DYNA code
which captures the impact phenomenon on a given target
material of ceramic, steel/ceramic and ceramic/FRP and
projectile system. In this project investigation of projectile
mass, the residual velocity of the projectile, plate orientation
means their material, properties, width, stress, structure etc.,
kinetic energy, and sliding energy. To do finite element (FE)
simulation to capture impact phenomenon on a given armour
plate and projectile system. To develop a high-quality
composite sandwich for ballistic protection for target material
from the impact of a high-velocity projectile system. This
simulation is based on the Johnson-Holmquist model and
Johnson-cook model. The ceramic (Alumina 99.5%) and the
Fibre-reinforced plastic (FRP) are used. The obtained result is
in the form of residual velocity and the energy conversation.
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1. INTRODUCTION

Composite armors include numerous fabric layers
normally made from metals, composite, ceramics, and
different materials intently bonded together. Composite
armor has spearheaded a vast innovation within the
industry, and although there have been some remarkable
milestones, the advancement in ballistic technology requires
the need for armor systems with extra extraordinary
mechanical and impact performance, decreased weight, and
better formability, able to resisting excessive threats. This
topic of interest has pioneered the study of advanced
sandwich-type composite armors, which are composed of a
cocktail of functional materials, consisting of ceramics,
metals, and composites, purposefully selected and combined
for their impactor tip erosion functionality, energy
dissipation properties, light-weight nature, high stiffness,
ductility, and higher protective advantage over the
conventional protective bulletproof vest, which is usually
made from a single layer of fabric, mostly aramid. The aim of
this project work is to recognize the design of current
sandwich armors and use the findings to create a sandwich
composite armor with higher qualities. Since higher and
continuous affect resistance are the focus of armor
manufacturers, segmented armors are a fantastic manner to
improve modern-day armor designs. This studies is targeted
on developing segmented sandwich armor with a gradient
core mid-section. The gradient core design is to make sure

that the lightweight armor system is still capable to better
ballistic resistance.

1.1 Theoretical background

1. Methods to solve any engineering problem-
A. Analytical method

Applicable only for simple problems like cantilever
& simply supported beams etc. complete in itself

B. Numerical method
1. Finite element method (FEM)-

It is a computational tool for performing
engineering analysis. It is helpful for mesh building. It
is used for solving a numerical problem most of the
times. Application - thermal, linear &non-linear,
fatigue and dynamic analysis.

2. Boundary Element Method (BEM) -

BEM is an efficient technique to solve Noise,
vibration, and harshness (NVH) and acoustics
problems. This method considers the only outer
boundary of the domain is considered in the problem
of volume and for the area problem, it considers only
the outer periphery which helps to reduce
dimensionality and solve a problem faster.

3. Finite volume method (FVM)-

FVM assist to solve parabolic, elliptic, or
hyperbolic partial differential equations withinside the
shape of algebraic equations. The computational fluid
dynamics software is based on the finite volume
method (FVM). The FVM is based on Navier- stokes
equations; it is Energy and Momentum conservation
equilibrium equations.

4. Finite Difference method (FDM)-

This method Taylor’s series is used to solve the
differential equation which is converted into algebraic
equations. In this conversation, the higher valve is
neglected.

C. Explicit method

a. In this method the ABAQUS RADIOSS, MS-DYTRAN is
the commonly used software.
b. The computational speed is very fast as there is
no matrix.
c. Thefiltering of the frequencies as no significant
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effect observed.
d. The steps are too smaller in order of 1x e-6 sec.
for mesh size of 5 mm.

1.2 Need of armour technique-

Sample War and criminal activity are part of society. All
different types of weapons are used to harm the
opponent. That's why there is always been the need for
protection from enemies. Nowadays weapons are
developed to able to increase injury -capabilities,
improving the accuracy of attack and attack from a larger
distance. For those reasons an armour technology is
introduced which are opposed to impact force from the
weapons.

Military vehicles which with stand the impact of
missiles or shells, shrapnel and bullets protecting the
personnel inside from enemy fire, such vehicles include
armoured fighting vehicles like tanks, ships and aircraft.

1.3 Objective
The objective of the project work has been stated as:

e To implement a suitable material model and to
validate and simulate ceramic  armour
materials in an explicit dynamic FEM tool.

e To carry out a depth research review of bullet
impact on ceramic -Steel armour.

e To carry out a depth research review of bullet
impact on ceramic - FRP armour.

e To analysis the impact of projectile (bullets) on
armour at a different speed.

e Modify the different types of armour.

1.4 Problem Statement

The aim of the problem is to do finite element (FE)
simulation to capture impact phenomenon on a given
armour plate and projectile system. Armour plate has
been designed using alumina ceramic and fiber reinforced
plastic materials. The armour plate is of sandwich
construction. The frontal part is ceramic. The backing of
the armour is provided by glass fiber reinforced plastic
plates. The report has been made to give details of an
impact problem for doing FE simulation using LS-DYNA
software.

2. TARGET MATERIAL

The types of material including ceramics, composite
laminates and bonding agents this type of material is used in
target material for armour applications.

The ceramic is divided into oxide and non-oxide the
selection of ceramic for armour application is primarily based
on flexural strength, density, hardness and compressive
strength.

2.1 Ceramic Material

1) Alumina

Alumina is the first and extensively used oxide ceramic
material to date due to its ready availability, relatively low
cost, and easy to manufacture. The stable phase of alumina is
called corundum or a-Al203 with the hexagonal crystal
structure. Bauxite is the primary source of alumina and the
aluminium hydroxides, and these are separated through the
Bayer process which is further calcined to get alumina.
Alumina for armour applications is commonly processed via
way of means of dry pressing or slip casting technique
followed by pressure less sintering.

2) Silicon Carbide

The second-generation ceramic that's getting used as
light-weight ceramic armour in comparison to alumina for
lots vehicular applications is silicon carbide (SiC). This
material has got lower density and better mechanical
properties as compared to alumina. It can give higher
ballistic mass efficiency. Therefore, Silicon carbide has been
used in many armour systems for defeating more tenacious
threats.

2) Boron Carbide

Boron carbide is the third hardest material next to
diamond and cubic boron nitride. The composition of boron
carbide is assigned between B4.3C and B10.4C, but the
commercial composition is close to B4C. Boron carbide
powder is produced on a commercial scale by carbothermic
reduction of hydrobromic acid or boron oxide with graphite,
petroleum coke, starch, etc. at 1500-2500 C using electrical
resistance or an arc furnace. Even though B4C has got
excellent properties like high hardness and low density, it
suffers from the reduction of shear strength at high
pressures due to shock- induced amorphization.

3) Composites for Armour Applications

Composite laminates are utilized in both add-on
armour or stand-alone armour applications. As the name
itself explains add-on, the armour is located over an existing
structure.

4.1. Fibre Reinforced Plastic (FRP)-

The predominant function of fibre reinforced plastic
in the laminate is to absorb bullet kinetic energy either by
undergoing fracture or elastic plastic deformation and
arrest the perforation of the projectile. Glass, ultrahigh
molecular weight polyethylene (UHMWPE) and aramid are
the main type of FRP Armour made of these fibres could
provide protection against soft bullets such as mild steel,
lead and fragments. Here, aramid fibre is used it is fibre are
of class heat resistant and strong synthetic fibres. They are
used in mlitary application, aerospace, etc.
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2.1 Properties Ceramic Material

Property Al Oz SiC B,C TiB,
Density
, 3.90 321 252 4.52
glce
Bend strength
M 310370 300400 350410 500730
pa
Modulus
Gpa 300-370 410480 400460 560-560
Hardness
G 14-15 24-27 30-32 26-28
pa
Fracture
toughness 3545 2545 2535 6.8-7.5
MPaym
Cost comparison
1 5.3 8 10

3. METHODOLOGY

3. Bullet Impact Experiments

It was decided that so much ceramic used for ballistic
protection is to be selected for further work. The criteria used
for selecting ceramic were as follows:

Select materials that-

. Low weight per area.
. High hardness.
. High E modulus.
. High fracture resistance.
. By the manufacturing, automobile, construction,
aerospace, military, and bioengineering industries.
3.1 Software Used
The software is used for simulation is LS-DYNA. LS-
DYNA is a general-purpose finite element program capable of
simulating complex real-world problems in day-to-day life.

LS- DYNA is for solving problems in manufacturing,
automobile, construction, aerospace, military etc.

4. Bullet impact Experiments
4.1 Design of Armor

The armour design is usually done in two phases
specially First phase of armor design is the selection of
optimum combination of materials to be used and the second
phase includes simulation and testing of the structure for the
ballistic resistance of the material being used in the
designing of the bullet proof armor and to check the total
efficiency of the armor.

The bullet proof Armor was designed using several
materials like ceramic, steel composite material like FRP &
GFRP.

Ceramuc 20 mm

Projectile 30 mm

wemm

Fig -1: The 2D axi-symmetric model of projectile and
ceramic

The bullet is made according to the dimensions of 10mm
in dia and 30mm length. A material tungston alloy is
assigned to bullet model and is ready for the analysis part.

The software is used for simulation is LS-DYNA. First, the
geometry of both the bullet and the armor has been
modelled with LS Pre Post Modeler, and then simulation of
the projectile against each sample stacked up in
unidirectional layup has been done.

LS Dyna has been used to solve the model and generate
modelling results.

Case 1-Armor Material-Ceramic (Alumina 99.5 %)

rumiccompese Aot s S npact
L

Projectile

e

Fig -2: Isometric view of ceramic target material model
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Fig -3: Residual velocity plot of projectile

The result is Damage of target plate with respect to time.
The projectile it as initial velocity is 800 mm/s to Residual
velocity is 638 mm/s

Case 2- Armor Material- Ceramic and Steel

ceramicicomposite armor under balissc mpact
Tees b

—Projectile

e ) )|
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J
Fig -4: The FE simulation model of projectile and
steel/Ceramic target material
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Fig -5: Residual velocity plot of projectile for ceramic/steel
target material

It is an FE Simulation model for the impact simulation
problems. In fig 5 a two-layer of the target material the
Ceramic is Alumina 99.5% with its density 3700 Kg/m3 and
steel of density 8050 Kg/m3.

The initial velocity of the projectile is 1250 m/s, and
the residual velocity is 1010m/s.

_A_1193918

Case 3- Ceramic / composite target material

+ m Projectile
-
E ———

AP

Fig -6: The FE simulation model of
projectile and ceramic and Composite target
material

Result

13 ceramic/composite armor under ballistic impact
2 I T Node no.
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Fig -7: Residual velocity plot of projectile
for Ceramic and FRP as Target Material

The deceleration in Kinetic Energy is main effect on velocity
of projectile. There is friction between projectile and target
material of ceramic and FRP the slidingenergy is increased.
The initial velocity of projectile is 1250 m/s, and the
residual velocity is 64 m/s.

Case 4- Ceramic and composite sandwich target material

/ Projectile

GFRP

Ceramic

Fig -8: FE simulation model of projectile and ceramic
and Composite sandwich target material

There is friction between projectile and target material of
ceramic and FRP the sliding energy is increased.

The initial velocity of projectile is 850 m/s, and the residual
velocity is 5.4 m/s.
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Fig -9:Residual velocity plot of projectile for ceramic/
Composite sandwich

5. RESULTS & DISCUSSION

Table 5.1: Differences between ceramic
target material approach and ceramic / steel
target materialapproach

Table 9.1. It can be observed from the Table that ceramic &
Composite sandwich structure which is softer than other
materials can undergo more severe plastic deformation and
absorb energy.

6. CONCLUSION

1. Thevarious type of material is used for making armour.
The armour should have high hardness; high fracture
resistance and low weight per area that bases the
ceramic composite armour is introduced.

2. Thevarious types of ceramic are explained. The armour
models of ceramic, ceramic/steel, Ceramic/ composite,
Ceramic/composite sandwich are discussed on their
material specification, layers, involving the ballistic
impact on it.

3. The ceramic is reducing the projectile speed up to 20%
approx. The ceramic with composite sandwich is
introduced.

4. Inthe ceramic composite sandwich FE simulation model
the initial velocity of projectile is 850 m/s it gets

Particulars Ceramic target Ceramic / steel
material
Shape of the Cylindrical Cylindrical
specimen
Target Material ceramic Ceramic and
steel
Initial velocity 800 mm/s 1250 m/s
Residual velocity 638 mm/s 1010 m/s
Safe No No

On basis of this approaches the ceramic as well as
ceramic/steel the residual velocity not become zero. In fig 5 the
kinetic energy is get decreased because of steel and ceramic
properties but not within limit so it not becomes safe armour

material.

Table 5.1: Impact analysis of corrugated plate of different

material
Material Used Input Velocity Exit Velocity
(m/s) (m/s)

Ceramic 800 638

Steel & Ceramic 1250 1010
Ceramic & Composite 1250 64
Ceramic & Composite 850 5.4
Sandwich

Table 5.1 shows the exit velocities for various input
velocities. Higher the velocity, lesser is the time for the plate
to absorb the kinetic energy. analysis is carried out on
Ceramic, Steel & ceramic, and ceramic & composite materials
for the projectile at different velocity. Results are tabulated in

reduced up to 5.4 m/s. The projectile depth of
penetration is 12.30mm.

The reduction in velocity of projectile in ceramic
composite sandwich target material is up to 98 % of
initial velocity.
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