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Abstract- Penetration of projectile into steel target is of high interest. The penetration process is highly complex and 
due to it interdisciplinary nature, most of the works in this respect are experimental. High cost of experimentation has 
forced many of the investigators to rely on finite element investigation of the models. Recent investigations rely heavily 
on simulation processes using available software tools.  
In aim of this paper is to study the projectile impact response on the multilayer plates. Projectiles with three different 
configurations such as blunt-, conical-, and hemispherical- nose shapes are considered. The results of ABAQUS 
simulation are compared with the experimental results of valid sources and a very good agreement in recorded. 
Also other parameters in the penetration problem such as residual velocity of the projectile, shape of the residual 
velocity curve and energy absorption are studied. Finally by observing the results of the above parameters, work concludes 
the advantages of the double layer configuration over the monolithic configuration. 
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I. INTRODUCTION 
 
Research into the field of structural impact dynamics 
has resulted in a large amount of work published in 
the literature. Many of these investigations have been 
carried out on generic components under idealized 
impact conditions, i.e., normal impact of purely 
ranslating projectiles against stationary targets, 
such idealized situations only occur in the laboratory, 
in real applications a wide range of different 
projectile-target configurations exists, and these may 
differ significantly from generic laboratory 
investigations.  
 
Structural impact dynamics has some features that 
distinguish it from conventional quasi static loading 
conditions. From a physical point of view, inertia 
effects must be considered in all governing equations. 
This gives rise to stress wave propagation in the 
impacting materials, and the recognition that most 
impact event are transient phenomena where steady-
state conditions do not exists. From a material point 
of view, the short time duration of impact phenomena 
may introduce strain rate effects, thermal softening 
and hydrodynamic material behavior,     not observed 
in quasi-statically loaded materials. Also, from an 
experimental point of view the rate of loading 
involves great challenges, as it is far more difficult 
(and expensive) both to apply the load and to record 
the response at 500m/s than at 5* 10-5m/s. 
 
X. Teng et al [1] evaluated the ballistic resistance  
of double-layered steel shields against projectile 
impact. He observed that under high velocity impact 
by the light conical-nose projectile, which is the least 
detrimental projectile, the double-layered shield with  

 
the upper layer of high ductility material and the 
lower layer of low ductility material is superior to the
 other three configurations     in the 
perforation resistance. 
 
O. S. Hopperstad et al [2] has examined 
experimentally &  
 
numerically, the effect of the ballistic perforation 
resistance of double-layered steel plates impacted by 
blunt and ogival  
projectiles. He concluded that. By double-layering the 
target by two 6 mm thick plates, an increase in 
ballistic limit velocity of nearly 50% is obtained 
using plates in contact compared to a monolithic 
target of equal thickness when impacted by blunt 
projectiles. For plates spaced with 24 mm of air an 
increase in ballistic limit velocity of 40% is obtained. 
By double-layering the target by two 6 mm thick 
plates, a decrease in ballistic limit velocity of about 
10% is obtained both for plates in contact and plates 
spaced with 24 mm of air compared to a monolithic 
target. 
 
Zhang W el et al [3] conducted a series of impact 
tests to investigate the ballistic performance of 
monolithic and multi-layered metal plates subjected 
to impact by blunt rigid projectiles. The results 
showed that the monolithic targets were more 
effective than layered targets when the dominant 
response of monolithic targets was dishing which 
involved membrane stretching, and the ballistic limit 
velocities of layered plates decreased with the 
increase of the number of layers. Moreover, the air 
gap significantly affected the ballistic resistance of 
spaced layered plates. 
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The purpose of this study is to simulate the 
penetration of the projectiles into a circular target 
plate with and without air-gap. Experimental data 
were used to validate the simulation process. These 
approaches are then compared with the experimental 
data and the results are presented. 
 
II. METHODOLOGY 
 
In order to accomplish the set of objectives, a process 
flow chart shown in the figure 1 was formulated. This 
gives a broad view of the methods involved in 
modeling & simulation conducted to study the low 
velocity impact behavior of Weldox 460 E steel. 
 

 
Figure 1. Project Methodology Flow Chart 

 
The above flow chart is briefly explained as: 
 

1. CAD models of the target and projectile are 
created using HYPERMESH. 

2. Finite element models of the target and projectile 
are created using HYPERMESH. 

3. Assigning of material property, initial and 
boundary conditions, and optimization of the 
ballistic performance of monolithic and layered 
metal plates subjected to impact by projectiles of 
different nose shapes is carried out using 
processor workbench of the ABAQUS/Explicit 
finite element code. 

4. Post processing the results for visualization and 
preparing final report. 

 
Model Geometry, Meshing and Boundary 
Conditions 
Different types of metal plates, a double-layered 
shield with the plates initially in contact, and a 
double-layered shield with the plates spaced for each 
projectile are considered. Below Figure shows the 
target of different configurations for blunt projectile. 

 
Figure 2 (a) & (b). Assembly of target of different 

configurations and blunt projectile 

 
Figure 3 (a) & (b). Assembly of target of different 

configurations and conical projectile 
 

 
Figure 4 (a) & (b). Assembly of target of different 

configurations and hemispherical projectile 
 
Once the individual meshed parts were created and 
assigned material section, necessary boundary 
conditions had to be evaluated and assigned to 
accurately model the actual tests. For the outer edge 
surfaces, their motion being completely restricted due 
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to the test setup, Pinned boundary condition was 
chosen. Details are represented in figure 5. Initial 
velocity assignment to the projectile was done by 
regulating the predefined field values. 
 

 
Figure 5. Initial and Boundary Conditions 

 
Material modeling 
In this study the penetration of three different nose 
shape steel projectiles into the circular (with and 
without air gap) plate is simulated. In order to obtain 
the desired results of simulation, selection of the 
constitutive model and the precision of the inputs are 
of high importance. 
The constitutive models used for the projectiles and 
the target (with and without air gap) is Johnson Cook 
strength model and failure model, this constitutive 
model is described briefly. 
 
Johnson Cook strength model 
The well-known Johnson-Cook model was used to 
define strength of the materials. This constitutive 
model aims to model the strength behavior of 
materials subjected to large strains, high strain rates 
and high temperatures. Such behavior might arise in 
problems of intense impulsive loading due to high 
velocity impact and explosive detonation. The model 
defines the yield stress Y as an explicit function of 
strain hardening, strain rate hardening and 
temperature softening in the form equation. 

 
……….. (1) 
 

 

 
 

 

Johnson Cook failure model 
The well-known Johnson-Cook failure 
model was used to model dynamic material failure. 
With a similar form of the strength model; the 
fracture strain, which is a material property, is 
expressed to be an explicit function of strain rate, 
temperature, and pressure in eq. 

 
 

  
Damage is calculated as a cumulative value in 
equation 3.4 and failure is set to occur at a critical 
value (usually 1). 
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III. RESULTS AND DISCUSSION 
 
The ballistic limit velocities for different nose 
shape projectiles for layered targets (with and 
without air gap) are given below. 

Table 3.The ballistic limits of metal shields and 
blunt-nose projectile 
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Figure 6. Residual velocity curves of the blunt projectile for 
different target configurations 

 
 

 
Figure 7. Residual velocity curves of the conical projectile for 

different target 
configurations 

 

 
 

 
Figure 8. Residual velocity curves of the hemispherical 

projectile for different target configurations 
 
The above figure shows the residual velocity curves 
of hemispherical projectile for three types of 
metal shields. At lower impact velocities, the effect 
of air gap on ballistic resistance of multilayered 
shields is considerable but as the impact velocity 
increases, this effect is minimum and can be 
neglected. Therefore the multilayer shields
 improve  the   ballistic resistance of  the 
target for hemispherical projectile. 
 
Comparison of the ballistic limit velocities for 
different configurations of target and projectiles: 
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CONCLUSION 
 
In this article three different nose-shape projectiles 
penetrating into the layered (with and without air-gap) 
plate were simulated. The results of simulation were 
validated with experimental results obtained from the 
experiment conducted by T. Borvik. The results of the 
comparison showed that a very close agreement does 
exist between simulation and experimental results. 
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