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 The present article focuses on the study of ballistic performance of the polymer composite 

sandwich, consisting of natural rubber (NR), glass-epoxy composite (GEC) and glass-

rubber-epoxy composite (GREC) for different thicknesses (4, 7 and 10 mm). Finite Element 

(FE) analysis is carried out to predict the energy absorption, ballistic limit velocity, and 

failure damage modes of the target composite are explored under the impact of the conical 

nose projectile for different velocity (180, 220 and 260 m/s).  

The study revealed that significant influences on ballistic impact are thickness, interlayer, 

and sandwiching composite materials. The energy absorbance and ballistic limit of GEC 

laminate are increases with an increase in thickness. In the case of interlayer composite 

GREC ballistic limit is higher than NR and GEC with the change in impact velocity, whereas 

NR is marginally lower than the GREC laminate. Hence, NR or GRE laminated composites 

are dominating more in the analysis of impact application. 

These observations are extended for the experimental validation purpose. Also, these 

polymer composite materials could be served in the defense sector for bullet-proofing and 

high impact applications. 
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1. INTRODUCTION 

 

Polymer composites are widely used in the automotive, 

aerospace, marine, sports, and defense sector [1], especially in 

defense applications such as personal protection, combat 

helmets, and armored vehicles. Special/secret protections, 

generally based on polymer composites, which reinforced with 

high-performance fibers such as aramid fibers, carbon fibers, 

and glass fibers [2]. These are extensively analyzed and 

studied their behavior for high-velocity impact loading, to 

satisfy the safety requirements [2, 3]. Also, these polymer 

composites have an advantage like high specific stiffness, high 

energy absorption, and the strength to weight ratio made 

suitable for bullet-proofing/protection over conventional 

metals and alloys.   

Recently few authors have been involved in the ballistic-

impact response study using polyethylene terephthalate 
[PET] and nylon fibers, kevlar/polyester, 

graphite/epoxy/kevlar hybrid, woven Kevlar, Kevlar/Epoxy 

composites [4–8]. These composites have good dynamic 

strength, high cost, and are not environment-friendly. Hence, 

nowadays the trend is looking towards, incorporating natural 

materials into synthetic materials. A natural material like 

rubber coated to synthetic or natural fabric. These materials 

are improving the performance of the composites by 60 % [9].  

Ballistic energy absorption depends on continuous matrix 

and fiber properties. In the ballistic event, composites may fail 

due to matrix cracking, fiber breakage, debonding of 

fibers/matrix, and delaminating [10]. The previous study 

noticed that the effect of rubber layer incorporation with 

ceramic gave good resilience bond and also improves the 

ballistic multiple hit capacity of armor bock [11]. Rubber is 

one of the capable materials can be utilized for ballistic impact 

application due to its higher tear resistance and toughness [12]. 

It is also environment-friendly, low density and low cost [13, 

14]. 

In the present study, comparative analysis of glass-epoxy 

composite (GEC), natural rubber (NR), glass-rubber-epoxy 

sandwich composite (GREC) is modeled using FE simulation 

software. These sandwich composite thickness (4, 7, and 10 

mm) are varied with different impact velocity. The energy 

absorbance, ballistic limit, and composite fracture behaviors 

performances are investigated for the above composites. 

Among all three composites, the GREC sandwiches show 

better results than the rest. 

The paper is organized like, in section 2 modeling steps of 

the sandwich composites and properties of the materials are 

highlighted. Theoretical analysis of the ballistic impact is 

explained in section.3. Finally results of energy absorption, 

ballistic limit and comparison study of GE, NR and GRE 

composite are discussed in section 4 followed by a conclusion.  

 

 

2. MODELLING OF SANDWICH COMPOSITES  

 

The Finite Element analysis is carried out for evaluating the 

ballistic impact performance of the rubber and polymer 

composites. In computer-aided engineering (CAE) part 

module, the polymer composite plate of 100*100*X mm3 

(X=4,7,10 mm) is built as a deformable solid element. The 

projectile/bullet is shaped as three-dimensional rigid solid 

elements. The GEC and GREC properties are defined in the 
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CAE-Property Module, which is listed in Table 1. The 

projectile and composite target plates are assembled in the-

Assembly Module, and the laminate is constrained in all 

directions.  The impactor is assigned with velocity, to mimic 

and perform the actual ballistic impact analysis as shown in 

Figure 1(a). Laminated polymer composite plates are meshed 

using SC8R elements, and the impacting bullet/projectile 

meshes with C3D10R elements. The complete meshed 

assembly is shown in Figure 1(b). The model uses different 

modules to extract the results.  

The FE simulation is carried for Natural rubber (NR), glass-

epoxy (GEC), glass-rubber-epoxy (GREC), for three 

thicknesses (4, 7 and 10 mm) with dimension (100 mm x 100 

mm) by varying the velocity (180, 220 and 260 m/s) of the 

impactor. 

 

Table 1. Material properties of NR and GE [15] 

 

 

 
 

Figure 1. (a) Composite target plate with projectile assembly  

(b) Meshed composite plate and projectile 

 

 

3. BALLISTIC IMPACT ANALYSIS  

 

The ballistic impact is dealt with hitting the target by 

projectiles/bullets/missile and observe their effects on the 

deformation of the hitting surface. It is essential to model and 

understand the impact on the target/surface. Because, 

fabrication of composite materials and experimental testing 

involves more money, time and workforce and very tedious.  

The phenomenon of ballistic impact depends on variables such 

as the projectile (size/shape, mass, and velocity) and target 

(thickness, material, and properties of the material) for the 

analysis.  

The energy absorbed by the composite target material is 

calculated using the Eq. (1) and Eq. (2) [16-17]. 

 
𝐸𝑎 = 0.5𝑚𝑝(𝑣𝑖

2 − 𝑣𝑟
2)                         (1) 

 

 𝑣𝑏 = √(𝑣𝑖
2 − 𝑣𝑟

2)                               (2) 

 
where,  

Ea =Energy absorbed by target (J) 

mp= Mass of the projectile (kg) 

Vi = Impact velocity or input or initial velocity (ms-1) 

Vr =Residual velocity (ms-1) 

Vb= Ballistic limit velocity (ms-1) 

 

 

4. RESULTS AND DISCUSSIONS  

 

The effect of the interlayers laminate material on the 

ballistic ability of composite plate was examined from the FE 

simulation. The presence of the intermediate layer changed the 

stress-waves propagation among the layers. Natural rubber 

interlayer plays a significant role in delaying and reduction in 

the amount of stress transmitted [11] to the GE composite 

backing plate, which leads to the high energy absorption in 

GREC sandwich. The projectile, hitting the laminate before 

and target plate is shown in Figure 2(a). Damage of NR was 

highly elastoplastic in nature with stress contraction, and 

relaxation is shown in Figure 2(c). Damage in the GE 

laminate was highly brittle on removing the material around 

the projectile impact shown in Figure 2(b). Whereas NR 

interlayer sandwich extent the damage region in the radial 

direction which leads to more area of damage towards the 

opposite side of the projectile penetration is appeared in Figure 

2 (d). 

 

 
 

Figure 2. (a)Projectile before impact (b) Damage of GE 

composite (c) Natural rubber  (d) GREC sandwich plate 

impacted with a conical projectile at 350 m/s velocity 

 

The initial and residual velocity of the projectile data is 

obtained from the simulation by considering rigid bullet (no 

mass loss, no deformation, and no fragmentation of projectile). 

The energy absorbed and ballistic limits are calculated using 

Eq. (1) and Eq. (2) respectively. The GEC plate has increased 

its energy absorption, and ballistic limit as the thickness and 

impact velocity increases is shown in Figure 3(a) and (b). It is 

noticed that 10mm thick laminate impacted at the highest 

velocity (260 m/s) whereas 4 mm thick GEC laminate 

impacted with lower velocity (180 m/s). The thickness of GEC 

increased from 4 mm to 10 mm; there is a 38 % increase in the 

energy absorption and 28 % enhancement of ballistic limit.  

Increase in energy absorbed is noticed in natural rubber 

composite plates for higher impact velocity. Figure 4(a) and 

4(b) show the different laminated plate energy absorbance and 

ballistic impact with different velocity. It is perceived that 

GREC sandwich is higher absorbance and ballistic limit than 

the NR and GEC laminate. In the same observation, NR 

laminate is marginally lower than the GREC plate. 

 

Material/Properties Glass-Epoxy Natural Rubber 

Density(kg/m3) 1783  Neo and hookean 

parameters 

Modulus(GPa) E11=2.7, 

E22=8.0  

C11=μ/2, D1=2/ K  

C11=16.77E9 Pa  

Poisons ratio 0.37  D1=1.2E-9 Pa 
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(a) 

 
(b) 

 

Figure 3. (a) Energy absorption of GE composite (b) ballistic 

limit GE composite target for different impact velocity and 

thicknesses 

 

 
(a) 

 

 
(b) 

 

Figure 4. (a) Energy absorption  (b) Ballistic limit  of NR, 

GE and GRE target plates for different impact velocity  for 

10 mm thick plate 

5. CONCLUSIONS 

 

In summary, the following conclusions were drawn from 

the ballistic impact analysis of the composite. As the thickness 

of the NR increased from 4 mm to 10 mm, the energy 

absorption also increased by 38 %, Whereas for GEC, there is 

an improvement of 54 %.  

The ballistic limit and absorbed energy increase with the 

increase in the thickness of the laminates for NR and GEC. 

Energy absorption of sandwich composite (GREC) was 22 % 

higher than GEC and 4 % higher than NR.  

The energy absorbed and ballistic limit of the GREC and 

NR laminates are found to be almost near and quite higher than 

GEC. Compliance nature of the damage was obtained for NR, 

Whereas, in the case of GEC brittle damage occurs. Finally, 

GREC sandwich failed by mixed mode brittle fracture 

followed by deformation and de-bonding 

The finding of these results is used for the experimental 

validation study. Also, these composites may serve in high-

velocity protection and bulletproof application.  
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