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ABSTRACT- Present paper deals with theComparison ofLagrange Method& SPH Method of Numerical Simulation impact of 9mm

round nose steel projectiie on KFRP (Kevlar fiber reinforced plastic)armour plate using explicit finite element analysis as

implemented in ansysautodyn 14.0. This numerical simulation evaluates finite element modeling using both Lagrange and SPH

method for representing 6 mm thick KFRP target plate. The impact on KFRP plate has been subjected to a high velocity range of

400- 700m/s. The result concludes that residual velocity and reduction in kinetic energy of Lagrange method is better than SPH

method in the contact of projectile impact on KFRP Plate.

Keywords:SPH(Smooth Particle hydrodynamics),KFRP(Kevlar fiber reinforced plastic) Projectile.

1. INRODUCTION

Ballistic material plays a vital role in defense
application for providing protection against specified
projectile. They are used as a primary material in the
manufacturing of bullet proof waist and armored
fighting vehicle. Hence failure analysis of this material
under impact load condition has become an important
study to qualify them for defense application. Impact
phenomenon is a very complicated process in which the
performance depends on many parameters like duration
of the impact, kinetic energy, velocity of projectile and
the properties of target and projectile material
[1].Corran et al.[2] investigated the effect of projectile
mass, nose shaped and hardness on penetration of steel
and aluminum alloy plates of varying thickness. By
using blunt cylendro- conical projectiles it was observed
that the ballistic limit of the plate changes with the
change of projectile mass and nose shape.

Composite materials are used increasingly in many
military, civil and spacecraft applications. Spacecraft
encounter various impacts phenomena in space, among
which orbital debris impacts are of most concern. These
impacts occur at a wide range of velocities. Impact
velocities from a few hundred m/s to more the one km/s
are common in geostationary orbit and even occur in
low Earth orbit. Composites materials that are used in
aerospace and land based structural components are
often subjected to high velocity impact threats, such
asbroken engine parts, pebbles, fragments from bombs,
shells and mortars. These applications have excellent

mechanical properties as high specific strength, specific
stiffness, resistance to corrosion and increased fatigue
life. [3]. R. Vaziri et al. [4] analysed impact analysis of
laminated composite plates and shells by super finite
elements. A super finite element method that exhibits
coarse-mesh accuracy is used to predict the transient
response of laminated composite plates and cylindrical
shells subjected to non-penetrating impact by
projectiles. The current computational model offers a
relatively simple and efficient means of predicting the
structural impact response of laminated composite plates
and shells.C Navarro [5] studied simplified modelling of
the ballistic behaviour of fabrics and fibre reinforce
polymeric matrix composite. The study presents recent
advances and development of the dynamic behaviour
and the simplified engineering modelling of fabrics and
fibre reinforced polymeric matrix composite when
subjected to the impact of low calibre ballistic projectile
travelling at medium and high velocities.

Richard Clegg et al. [6] studied application of a coupled
anisotropic material model to high velocity impact
response of composite textile armour. The new material
model specially designed for the shock response of an
isotropic material was developed and implemented in
the hydro codeautodyn. The model couples non-linear
and isotropic constitutive relation with a Mie -
Gruneisen equation of state. Colin Hayhurst et al. [7]
studied a methodology for deriving material models for
the ballistic impact response of composite plate was
shown. Anautodyn-2d model was derived which
matches the Vs, for fragment simulating projectile
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impacts on dyneema UD- HB-25 plates. The model also
reproduces the deformation and delamination extent of
the target plate.

S. S. Morye et al. [8] studied modelling of the energy
absorption by polymer composites upon ballistic impact.
The development of a simple model for calculating the
energy absorption by polymer composites upon ballistic
impact. Three major components were identified as
contributing to the energy lost by the projectile during
ballistic impact, namely the energy absorbed in tensile
failure of the composite, the energy converted into
elastic deformation of the composite and the energy
converted into the kinetic energy of the moving portion
of the composite. These three contributions are
combined in the model to determine a value for the
ballistic limit of the composite, V,

Darren M. White et al. [9] studied numerical simulation
and experimental characterization of direct hyper
velocity impact on a spacecraft hybrid carbon
fibre/Kevlar composite structure. This syudy reports the
development of numerical material model and
associated data that successfully captures the behaviour
of a CFRP structure subject to direct hyper velocity
impact with and without the addition of Kevlar- epoxy
layers bonded to the CFRP. The reported simulation
have been carried out using autodyn- 2d hydroaodes
software in which it is possible to couple the orthotropic
constitutive behaviour with a nonlinear equation of
state.

Z. Fawaz et al. [10] studied numerical simulation of
normal and oblique ballistic impact on ceramic
composite armours. This study presents three-
dimensional finite element models that investigate the
performance of ceramic—composite armours when
subjected to normal and oblique impacts by 7.62 AP
rounds. The finite element results are compared both for
normal and oblique impact, respectively. Simulation of
the penetration processes as well as the evaluation of
energy and stresses distributions within the impact
zones highlight the difference between normal and
oblique ballistic impact phenomena. The findings show
that the distributions of global kinetic, internal and total
energy versus time are similar for normal and oblique
impact.

TarinVanichayangkuranont et al. [11] studied Numerical
Simulations of Level 3A Ballistic Impact on
Ceramic/Steel Armour. When the energy absorption
between the ceramic and steel plates are compared, most
of the energy that the armour absorbs are stored in the
ceramics, accounting for 73.3, 86.5, 92.0 and 90.8% of
the total energy that the armour absorbed from the bullet
impacts from cases | to IV respectively. This leaves only
26.8, 13.5, 8.1 and 9.3% of the total strain energy in the
steel plates. The simulations use the impact model of 9-
mm bullets upon ceramic and steel plates. The results
show that ceramic absorbs most of the impact energy
from the bullets, accounting for more than 80% of the
total energy. The most severe damages to the armour
occur at the back sides of the ceramic plates due to the

superposition of reflecting stress waves. Ricardo L.
Azevedo [12] studied numerical simulation of soft-body
impact on GFRP laminate composites: mixed SPH-FE
and pure SPH approaches. Impact events involving a
laminate composite had been largely studied through
computational approaches; due mainly to the technical
difficulties and high costs associated with experimental
tests, and the availability of highly sophisticated
computational codes. In this study, medium-to-high
velocities impact events of ‘dummy birds’ against
balanced S2-Glass/Epoxy laminate composites are
simulated through LS-Dynaexplicit finite element
package. Pure and mixed formulation coupling finite
elements (FE) and smoothed particle hydrodynamics
(SPH) techniques is adopted to describe the motion of
the impacted composite plate and the soft body
projectile, respectively.

Wicklein et al. [13] studied hypervelocity impact on
CFRP: testing, material modelling andnumerical
simulation. This study was described the derivation and
validation of a numerical material model that predicts
the highly dynamic behaviour of CFRP (carbon fibre
reinforced plastic) under hypervelocity impact. CFRP is
widely used in satellites as a face sheet material in
CFRP- AL/ HC sandwich structure (HC / honeycomb),
that can be exposed to space debris. The test result from
the CFRP of the current study allow for the derivation of
an experimentally based orthotropic continuum material
model.

2. COMPUTATIONAL PROCEDURE

2.1 Non-linear Dynamics Modeling of High
strain -rateAll the calculations carried out in the
present work are done using autodyn, ageneral purpose
non-linear dynamics modeling and simulation
software.autodynfalls into a group of computer
programs known as “hydrocodes”, which are
particularly suited for modeling explosion, blast, impact
and penetration events. Within the code, the appropriate
mass, momentum and energy conservation equations
coupled with the materials modeling equations and
subjected to the appropriate initial and boundary
conditions are solved. These equations are solved using
different numerical methods and the choice of the
method (“processor”) is driven by the physical nature of
the problem. Lagrange processor is typically used for
solid continuum and structures) and the Euler processor
is commonly used for modeling gases, liquids or solids
subject to large deformations. Solid continuum and
structures are also analyzed using the griddles SPH
(Smooth Particle hydrodynamics) processor which does
not suffer from a grid tangling problem (typically
encountered in Lagrange processor) and does not entail
the use of an unphysical erosion algorithm (removal of
highly distorted grids to help the numerical procedure)
[14].
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AUTODYN-20 v14.0
2.2 Description of the Numerical Modelln this Material Location
numerical simulation the Kevlar fiber reinforced
composite (KFRP) is used for making the plate and KERR

projectile is steel (4340).Plate diameter 100mm?, Plate

Thickness 6mm, Projectile diameter 9 mm,Projectile

length 13.6mm, and Projectile weight 9gm. One element

per thickness, fixed boundary condition was used for

making plate by Lagrange method. While for making

the plate by SPH method 0.5 particle size was used.

The orthotropic  strength model of KFRP
plateandJohnson- Cook strength model for Steel 4340

projectile is used in this simulation at room temperature

condition shown in Table 1 and 2. Fig. 1(a) and 1 (b)

shows the systematic arrangement of projectile and

target plate impact with initial and boundary condition.

Fig 2 (a), (b)to fig 5 (a), (b) shows damaged occurring

in Lagrange and SPH method and Fig 6 (a), (b) to fig.

13 (a), (b) shows residual projectile velocity verses time 4700 lag
and reduction in kinetic energy verses time for Lagrange Cycle
and SPH method at 400 m/s, 500 m/s, 600 m/s and 700 Time 0.000E+000 ms
m/s respectively. Fig. 14 (a), to fig. 14(d) shows WA il
residual projectile velocity verses timefor Lagrange and Haleymmety _
SPH method at 400 m/s, 500 m/s, 600 m/s and 700 m/s Fig 1 (a)
respectively.

STEEL 4340

Table 1: Orthotropic Strength Model of KFRP Plate Iaterial Location

STEEL 4340

Shear Shear | Shear
Modulus | Modulus | Modulus
XY(Pa) | YZ(Pa) | XL(Pa)

£ (B4) En Ey; | Paisson's | Poisson's | Poisson's
i (KPt) | (KPa) |RatioXY | Rato YZ | RatioXZ

195¥10¢| 180%107 | 180%107 | 00736 | 0.08 0698 | 224%10° | 186¥10% | 224%10°

Table 2: Johnson- Cook Strength Model for Steel (4340) Projectile

[nitial
. . Strain | Thermal Melting | Reference
Yied | Densty | Bulk Moduhs Rate | Softening | Temperature | Strain

i
S(t}';?; (Kgir) ®2) | copant Exponent | (C) | Rate (fsec)

79210 | 7830 1398109E | 4eppt0 103 1520 1

w700 lay
Cycle 0
Time 0.000E+000 ms
Units mm, mg, ms
Axial symmetry

Fig 2 (b)
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Units mm, mg, ms Al symaehy
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v 1%, s 2, oot LORE DS =

Fig. 2a (400m/s) Lagrange Fig. 3a (500m/s) Lagrange

600 5ph

Cycle 30
T:ﬁﬁ.mm ‘L)
Units e, mg, me:
Mg symmetry
(CYCLE: 3204, Tie: 3 MIED2, Tmestp: 4 afin, fchr: 1
Fig.2b(400m/s) SPH Fig.3b(500m/s) SPH
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600 <ph 700 lag
Cyche 1425 Cocle 5375
Tirne: 1. 555E-002 ms qu GBSSEN02 ms
Units mm, mg, ms Units mm, ma, ms
Asial sym.m!-l.l; Al symmetry
P T L T T CYCLE: 530, Tme: 5667542, Tnestep 3076646 conveled by ane: 44 n Pt plte
Fig. 4a (600m/s) Lagrange Fig. 5a (700m/s) Lagrange

00 sph

Time 2 HEED2 ms
e 302 L Ust em, mg, ms:
Tine T AEM s ot syt
Unis mm, mg, ms
il ety Fig.5b (700m/s) SPH
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Fig. 14a (400m/s) 3. RESULTS AND DISCUSSION

" sPH l. The graph plotted on Projectile residual

\ Lemrenze —— velocity verses time and kinetic energy verses

R time on both Lagrange and SPH method

AY showed variation of projectile residual velocity

: and Kinetic energy reduction in projectile in

\ the range of 2- 4 %.

N\ Il. During penetration and perforation of KFRP

\\tb‘h‘_ﬂ target plate, the delamination is important
o failure damage mode that affects the structural
behavior of the damage initiate.

1. In this comparison SPH method didn’t show
any damage due to delamination. Hence it
concludes that impact on laminated composite
plate Lagrange method is better option than
SPH method.

Fig. 14 b (500m/s)

SPH
Lzerange
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