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ABSTRACT 

This paper describes the numerical simulation and analysis of the ballistic impact on the sandwich model of 

polymer and aluminum. The analysis was conducted over a range of impact velocity by 750 m/sec to 950 m/s. Three 

different combinations of materials were used as a sandwich. The role of polymer plays a vital role in the analysis 

that it will act as an elastic component and absorbs the maximum energy from the bullet model. As results energy 

plots, stress plots and deformation are compared between three cases. By using the combination of dissimilar material 

like polymer (elastic property material) and mild steel (ductile material) we can easily absorb the energy exerted by 

the bullet. The analysis is carried out using dynamic explicit finite element software LS-Dyna and the parameters 

involved in analysis are projectile velocity, geometry boundary condition, a thickness of the material yield strength, 

tangential modulus, projectile mass, strain rate of the model and friction between the two components and the bullets 

are considered. The study describes the accuracy and effectiveness of the finite element analysis of the impact testing 

on the different material models with the help of analysis software. 
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1. INTRODUCTION 

The ballistic impact model plays a vital role in the development of body armor solution. Nowadays the small 

caliber armor particles posses a major threat to the field officers. The advanced technology and firepower causes 

enormous damage to the human life and thus leads to the public safety and the introduction of armor vest. The good 

armor should posses light weight, improved hardness, elastic properties, fracture mechanics, compressive stiffness 

and maximum elastic limit. The main objective of the armor is to resist multiple bullets and reduce the large caliber 

strokes. The current developments in finite element analysis give access to analyze complicated ballistic impact with 

reasonable result accuracy. The material selection plays an important role in this analysis that we used Aluminium 

5052 and polymer as a base material. The material chosen will posses varying physical properties and combining as 

a sandwich package it will give great results. The analysis is done using the help of nonlinear dynamic explicit 

software LS-Dyna. The bullet model used is common for all cases that it is sharp-nosed with a mass of 9.6grams. 

The shooting distance will be 10 meters and the angle of contact will be considered as zero. In case-1 the bullet is 

shot at a 1mm base metal Aluminium 5052 with a velocity of 750 to 950 m/sec. In case-2, 3 and 4 the approach is 

similar but the material combination is different. The material packing is a sandwich type which consist of 

polymer(7mm) + base metal(1mm) + polymer(7mm) in case-2, polymer(14mm) + base metal(1mm) on case-3 and 

base metal(1mm) + Polymer (14mm) in case-4. By considering the stress, deformation and energy absorbed the best 

material will be chosen for further process. Here the result from the analysis will be tabulated for discussion of a 

better result. 

Literature: Zukas and Scheffler, (2001), have mentioned that monolithic steel provides great strength than a multi-

layered product with even thickness while impacted by a spherical nose long bullet with a length of 65 mm, diameter 

of 13 mm and initial impact velocity of 1000 m/sec. He clearly explained that the weakness of the multilayered model 

is due to its bending strength on the model, they also explain that resistance of the multilayered plate is depended on 

the no of plate thickness on the model. Dey (2007), on the ballistic impact of 710E steel the initial velocity range 

shows the 14 mm mild steel plate has better ballistic characteristic against the oval projectiles when compared with 

the double layered steel plate. Borvik (2009), have used LS-Dyna analysis to model the impact problem of a              

7.52 mm APM projectile on multi-layered steel targets assuming it as non-symmetric condition thus they are 

examined with analysis and experimental methods and the results are observed. Corran (1983), have found that the 

projectile nose sharpness and hardness plays a vital role in failure mechanism involved on the intersection process 

and the ballistic impact depended on these conditions. In the design process, several factors will be considered to 

obtain accurate results of the projectile model. Gupta and Madhu, (1997), have reported that impact analysis of a 

sharp nose projectile on Al 7075 plate using both non-symmetric and 3D formations. They found that both methods 

have a ballistic limit of 30% which has explained that the numerical analysis would can't able to match brittle fracture 

behavior. Saleh and Edwards (2010), have incorporated ceramic model into a eulerian function and compared the 

results with the experimental method to reduce the crack formation and improve the strength of the plate. 

Ballistic Analysis: It is considered as one of the best evaluating technique used to judge the performance of the 

model and material against the small or large range of projectiles. The efficiency of the model will be based on the 

depth of intersection of the bullet model over the metallic plate. The testing is done using special equipment, first, 
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the reference firing is done and the second firing is done on the same location with different plates to check the 

penetration of the bullet on the model. 

Problem Identification: The purpose of the work is to study the effects of sandwich type armor plates with Different 

material properties, thickness and layer approach on the ballistic process of the model. A sharp-nosed projectile was 

used with an impact initial velocity of 750 to 950 m/sec. Initial velocity is chosen based on the standards of NATP 

STANG 4568 ballistic projection level 3. Two materials have been used for target plates they are the polymer and 

Aluminium 5052. Numerical analysis is carried out using LS-Dyna, The contact between the bullet and plate is 

defined as eroding single surface contact with no gap between the plates. 

2. METHODS & MATERIALS 

Characteristic of Material: The penetration process in the ballistic model is complicated by numerical analysis. It 

will lead to high strain, displacement, a difference in temperature and failure in the target material. The behavior of 

material should be high strength, hardness, and control over damage and reduced penetration. The common material 

used is Johnson cook which contains thermal softening nature, high strain and visco plasticity in nature. The duration 

of the analysis is 50 miles second with the velocity variation of 750 to 950 m/sec. The displacement of the element 

will be very large and the type of the damage will be ductile plastic. The material model will easily adopt with the 

variation effect and will give the exact result. 

FE Modelling: Here we have studied about the dynamic approach of a sharp-nosed projectile with a sandwich 

layered material plates. 

 
Figure.1. Bullet model 

The CAD geometric model was created using CATIA V5 and the meshing is carried out in HYPERMESH 

13. Three different types of packing material have been used which have been listed below that the yellow resembles 

the polymer and the red shows the aluminum 5052. The meshing is carried out using solid 3D hexahedral element 

because it’s having high accuracy compared with other solid elements. The element formulation used on LS-Dyna 

is ELFORM 16 which is a fully integrated method commonly used for high accuracy results on analysis. Energy 

(hour glass) considerations are also done. Layer by layer approach is used on FE modeling that in meshing the 

sandwich model no contacts are used. The elements are meshed and segregated in separate components based on the 

material properties to be assigned. The properties of the material will be assigned directly to the material model. 

 
Figure.2. Mesh model 

Analysis: The analysis was carried out for 4 different cases based on the material models in case-1 only aluminum 

5052 model in subject to penetration with a Sharpe nosed projectile with a impact velocity of 750 to 950 m/sec from 

this analysis we get a result of total energy, internal energy, potential energy, deformation and stress plots. In case-2 

is the sandwich model the aluminum 5052 is placed at the middle of the 7 mm polymer to avoid the energy absorption. 

As a results will be similar to the previous case. In case-3 the top layer will be 1mm aluminum 5052 and follows 

polymer of 14 mm. In case-4 first layer will be a polymer of 14 mm and follows the aluminum 5052. The total energy 

and the initial kinetic energy is considered on its initial velocity and the mass of the model. Due to penetration, there 

will be the change in the initial velocity and the kinetic energy. Energy will be high on the center of the plate due to 

the rise of kinetic energy and it continues till crack iterations. The change in velocity of the model during perpetration 

will increase the strain rate on the model. The stress and strain will also increase the strength and stability and are 

high at the velocity conditions. Due to plastic deformation, the strain levels will very high and the initial stress-strain 

rate is constant in bullet projectile and the plate. The material at front of the firing will accelerate at impact with a 

high relative velocity that the kinetic energy on the target will rise to a specified deformation under the adiabatic 

condition. If the kinetic energy of the bullet decreases, the initial stage of the impact that will decrease the minimum 

values of the material models. The initial energy of the model should be below 60 joules which are compared with 
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the kinetic energy of the projectile model. The total energy variation of the potential and kinetic energy in the analysis 

during the penetration of the ballistic impact is of two different striking forces. The loss of energy leads to the plastic 

deformation on the plate’s model. The energy is displayed as to be the percentage of the primary energy observed on 

the case-2 model. In case1 and 2 plastic deformation of the model is more sufficient to obtain the energy transfer. 

 
Figure.3. Plots of ballistic model 

 

3. RESULTS 

Table.1. Result comparison 

Output 

Parameters/  

Materials 

models 

Initial velocity 

of bullet (m/s) 

Internal energy 

of bullet (Joules) 

Re-bouncing 

velocity of bullet 

(m/s) 

Outlet energy 

of bullet (m/s) 

Energy 

absorption 

(Joules) 

Case 1 156.1 19.2 9.43 0.342 95 

Case 2 142.8 76.5 8.92 0.285 82 

Case 3 147.6 73.34 8.81 0.271 73 

Case 4 141.5 72.4 8.01 0.175 64 

 

4. CONCLUSION 

 The numerical analysis on the ballistic impact of a sandwich plate and a sharper nosed bullet model is carried 

out using LS-Dyna. The analysis describes the plastic deformation of the model such as kinematic hardness, higher 

strain rate, displacement, reduced projectile velocity and the impact parameters. The deformation of the impact is 

depended on the velocity of the projectile. This problem is considered as a nonlinear impact problem. A reasonable 

better result is achieved by this analysis; the plastic hardening and deformation during the impact are very good. 
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