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ABSTRACT:Ballistic impact of typical armor metal plate of medium thickness by ogive-nosed projectiles travelling
with ordnance velocities has been investigated through numerical simulations. Johnson-Cook material and failure
models have been used to simulate the behavior and failure of the material under impact conditions. The stages of
penetration and have been predicted. The residual velocities, ballistic limit velocity and perforation times have been
determined from the simulation results and found to match with experimental data.the Ballistic Impact is a high and
low velocity impact on a target by a projectile having a small mass and size. The aim of this thesis is to study ballistic
impact using the Johnson-Cook material Numerical simulation of ballistic impact is gaining momentum due to the
complexities and large costs involved with experimental study of ballistic impact. But it is seen that most numerical
simulations use empirical failure criterion which are based on the results of experiments. In this study, A Steel and
Aluminium plate has been impacted with a projectile based on bullet. Finite Element software package ABAQUS/CAE
Explicit has been used to numerically simulate the scenario. Analyses have been performed for two different plate,
three different shapes of bullet, different projectile velocities and different projectile angles. Damage Evolution
Parameter have been calculated using Finite element method and the results are compared for the different cases to
observe trends of variation of the damage initiation time with the temperature of the target and velocity of the projectile
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. INTRODUCTION

Ballistic Impact is the high velocity impact on a target by a projectile having a small mass and size. The
damage in such an impact happens within fractions of milliseconds. When the projectile hits the target, impact force is
applied within a short period of time and this is called shock loading. This shock loading has relatively greater effect on
the target than a lower force applied over a proportionally longer period of time. The reactions and the mechanisms that
the occur during a ballistic impact depends upon thickness, strength, ductility, toughness, acoustic impedance and
density of both the target and the projectile and the velocity of the projectile. The maximum velocity at which the
projectile fails to penetrate the targetis called theballistic limit of the target and the projectile.

At low impact velocities, dynamic deformation mechanisms within the projectile and the target govern the
penetration resistance of the target material. However, as the impact velocity increases into the hypervelocity regime,
hydrodynamic effects dominate and the penetration response becomes controlled by only the density of the impacted
material and projectile.

The study of ballistic impact is of utmost importance in military and defence. This knowledge is useful in
developing body armours and other bulletproof objects used in warfare. However, during the development of
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bulletproof materials, large scale experiments need to be conducted which are expensive and time consuming. Hence,
one general solution techniques using numerical simulation of ballistic impact are needed to supplement the high -
precision testing, so that the experimental costs can be reduced. The phenomenon of ballistic impact has been well
researched both experimentally and numerically. With the help of powerful computational software packages, like
ABAQUS, LS-DYNA, etc. ballistic impact can be easily simulated to substitute the expensive experimental setup.
However, it is seen that in the numerical simulations, a fracture criterion has to be defined to simulate the fracture in
the target. Most numerical simulations use the Johnson-Cook failure initiation criterion, which is an empirical criterion
and it is based on the results of experiments.

II. METHODOLOGY

The problem has been numerically modelled and analysed using the finite element software package
ABAQUS/CAE Explicit. Explicit analysis is used in case of an impact problem because the dynamic force which is
applied is very large compared to the time period and involves large deformations and nonlinear material response.
This procedure solves every problem as a wave propagation problem. ABAQUS Explicit provides the capability to
analyse problems involving high-speed (short duration) dynamics, large, nonlinear, quasi-static analyses, highly
discontinuous, post-buckling and collapse simulations. Therefore, ABAQUS Explicit has been used in this case to
study the ballistic impact problem for this research

The ABAQUS program has many FE analysis capabilities ranging from a simple linear static analysis to complex non
linear transient dynamic analysis. The procedure for typical ABAQUS EXPLICIT analysis can be divided into ten
distinct steps.

. Build the model

. Material property

. Assembly

. Interaction

. Step creation

. Boundary conditions and constrains

. Field outputrequest

. Meshing

. Job creation and submission

O 00 1 N Lt AW N~

10. Review the results

The interaction property is given to select the master and slave surface. This property is much important for the
selection of target model and moving impact projectile model. The surface property step has been assigned as surface
to surface content explicit. Solving method was chosen as default kinematic contact method. For the target plate
displacement, rotation should be arrested in all directions. For the impact bullet model ul, u2, url, ur2, ur3 should be
fixed. The bullet will be allowed to move in u3 i.e. towards the target plate alone. The property assigned fully defined
model with constraints would give by job name. Finally thejob will be submitted for analysis.
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II. EXPERIMENTAL RESULTS
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Figure.3- Projectile 800 m/s at an angle of 80 degree
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Figure.6-Projectile 1420 m/s at an angle of 80 degree
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Table:1-Aluminium Plate with Different Shapes of the Bullet

Sr.no Angle Penetration Perforation
(degree) (m/s) (m/s)
ROUND NOSE BULLET
1 0 <350 > 350
2 10 <355 >355
3 20 <370 > 370
4 30 <385 >385
5 40 <400 >400
6 50 <415 > 415
7 60 <430 > 430
8 70 < 445 > 445
9 80 <455 > 455
CONICAL NOSE BULLET
1 0 <470 >470
2 10 <472 >472
3 20 <477 >A477
4 30 <500 >500
5 40 <510 >510
6 50 <520 >520
7 60 <550 >550
8 70 <630 >630
9 80 <850 >850
BOAT TAIL SPITZER SOFT POINT

1 0 <570 >570
2 10 <575 >575
3 20 <580 >580
4 30 <585 >585
5 40 <590 >590
6 50 <595 >595
7 60 <625 >625
8 70 <650 >650
9 80 <800 >800
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Table-2:Steel Plate with Different Shapes of the Bullet

Sr.no Angle Penetration Perforation
(degree) (m/s) (m/s)
ROUND NOSE BULLET
1 0 <930 > 930
2 10 <940 >940
3 20 <950 >950
4 30 <960 >960
5 40 <970 >970
6 50 <980 >980
7 60 <990 >990
8 70 <1030 >1030
9 80 <1200 >1200
CONICAL NOSE BULLET
1 0 <880 >880
2 10 <900 >900
3 20 <910 >910
4 30 <920 >920
5 40 <930 >930
6 50 <940 >940
7 60 <950 >950
8 70 <1000 >1000
9 80 <1200 >1200
BOAT TAIL SPITZER SOFT POINT
1 0 <850 >850
2 10 <860 >860
3 20 <870 >870
4 30 <880 >880
5 40 <890 >890
6 50 <900 >900
7 60 <920 >920
8 70 <960 >960
9 80 <1420 >1420
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IV. CONCLUSION

Ballistic Impact has been studied for an Aluminium & steel plate using the FINITE ELEMENT METHOD. The study
has been carried out for plate for projectile angle (degree) 0,10,20,30,40,50,60,70,80 and different projectile velocities
at which perforation and penetration occur Modelling and analysis has been done using ABAQUS/CAE Explicit FE
Package. The values of total energy and time obtained from these numerical simulations are then used to calculate the
total energy difference and eventually, the total energy Evolution Parameter. Total energy Evolution Curves are then
obtained by plotting the total Energy Evolution Parameter against time, which are used to compare the trends for
different plate and different projectile, angle and velocities. It was observed that in case of varying plate angle more
damage takes when angle of projectile is higher. In case of varying projectile velocity, it was observed that the higher
the projectile velocity, the sooner the perforation occur Also, it is seen that the time at which damages occurs decreases
exponentially with increase in projectile velocity. These results are in agreement with the trends observed by several
researchers from their experimental studies on ballistic impact for cases of varying projectile angles and velocities and
different shapes. The objective of this work is to study ballistic impact using FINITE ELEM ENT METHOD. Based on
the conclusions of this study and their conformity with the conclusions of experimental results of ballistic impact
performed by several researchers, it can be said that the FINITE ELEMENT METHOD can be used to study ballistic

impact.

REFERENCES

[I]JAndrea Manes , DavideLumassi, LorenzoGiudici, MarcoGiglio, An experimental numerical investigation on
aluminium tubes subjected to ballistic impact with softcore7.62 ball projectiles, Thin-WalledStructures vol (2013) 73
pg 68-80

[2]Corran RSJ, Shadbolt PJ, Ruiz C. Impact loading of plates—anexperimental investigation. International journal of
Impact Eng (1983)voll pg3-22.

[3]Gilioli, A. Manes, M. Giglio, “Calibration of a constitutive material model for AL-6061-T6 aluminum alloy”,
Proceeding of the ACE X, 2010 pg 8-9,

[4] Giudici.L, A. Manes, M. Giglio "Ballistic Impact on a Tail Rotor Transmission Shaft for Helicopter", International
Conference in Ballistic Enggproceeding( 2010), pg 17-21,

[S]Gupta,M.A. Igbal, G.S. Sekhon,Effect of projectile nose shape, impact velocity and target thickness on the
deformation behavior of layered plates, International Journal of Impact Engineering (2008) vol 35 pg.37-60
[6]Hongxia Yu,LW. Burgess J.B., Davison R.J. Plank, Numerical simulation of bolted steel connections in fire using
explicitdynamic analysis. Journal of Constructional Steel Research (2008) vol 64 pg 515-525

[7]Manes, F. Serpellini, M. Pagani, M. Saponara, M. Giglio, Perforation and penetration of aluminium target plates by
armour piercing bullets, International Journal of Impact Engineering (2014)vol 69 pg 39-54

[8]Marom I, Bonder SR. Projectile perforation of multilayered beams. International journal of Mechanical Science
(1979) vol 21 pg 489-504.

[9]Namik Bulent Ekici, Ballistic resistance of high hardness armor steels against 7.62 mm armor piercing ammunition,
Materials and Design (2013) vol 44 pg 35— 48

[10]Nurick GN, Walters CE. The ballistic penetration of multiple thin plates separated by an air gap. In: Proceedings
of SEM conference on experimental mechanics, The Society of Experimental Mechanics,Inc., 1990. p. 631-637.

IJIRSET © 2021 | An ISO 9001:2008 Certified Journal | 2413


http://www.ijirset.com/

INTERNATIONAL

: . - STANDARD
v (@) seace B
SJIF Scientific Journal lmpact Factor ' \ NUMBER

INDMA

Impact Factor:
1.512

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

5) 9940 572 462 [© 6381 907 438 & ijirset@gmail.com f"*

www.ijirset.com



	Ballistic Impact has been studied for an Aluminium & steel plate using the FINITE ELEMENT METHOD. The study has been carried out for plate for projectile angle (degree) 0,10,20,30,40,50,60,70,80 and different projectile velocities at which perforation...

