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In this paper, an analytical model has been developed for modeling high velocity impact on 
ceramic/nanocomposite targets. In this model, penetration resistance of ceramic is determined based on 
cavity expansion analysis and variables during perforation of projectile onto ceramic are considered. 
Also, the force of ceramic-composite interface is modified. Ballistic performance of the 
ceramic/composite target is investigated with addition and dispersion of nano particles of zirconia 
(ZrO2) in the matrix of back up composite. Ballistic impact tests were performed to validate the 
analytical predictions. These tests were performed by firing 10 mm steel flat ended projectile onto 
ceramic/composite target. Front layer is alumina ceramic and composite laminates of back up made of 
E-glass/epoxy with and without nano-zirconia particle of 5 wt%. The effect of nano-zirconia dispersion 
in the matrix for different failure modes is discussed. Experimental results revealed an improvement in 
the ballistic performance of samples with nano-zirconia particle. The analytical predictions of ballistic 
limit velocity and residual velocity of projectile are found to be in good agreement with the 
experimental results. 
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Fig.  1 Schematics of the stages of the perforation process. (a) first 
stage: shearing and compression; (b) second stage: stretching 
deformation; (c) end of the second stage [8] 
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Fig.2 Response regions in the ceramic targets 
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Fig.  3 Schematic of Ceramic/composite sample and arrangement of 
layering. 

3    

  
Fig.4 Ceramic/composite target, front view (left), back surface (center) 
and backing colored clay block (right) 
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Fig  5 Comparison  of  ballistic  limit  vs.  ceramic  thickness  of  new  
analytical and experimental [11] and theoretical [10] results at tb=4.0 
mm of composite 
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Fig.  6 Comparsion  of  ballistic  limit  vs.  backing thickness for two 
different ceramics with different hardness 
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1  ]12[ ]13[ 
Table 1 Comparison of the residual velocity obtained with new analytical model with experimental [12] and analytical model of Naik [13] 

        ) m/s(   

 mm mm m/s      

1 4 5  893 832 850.6 849 2 2.2 

2 4 8 882 826 819.5 836 1.2 0.8 

3 4 10 881 802 799.4 827 3.1 0.3 

4 6 5 880 800 818.3 796 0.5 2.3 

5 6 8 893 802 810.7 809 0.9 1.1 

6 6 10 878 760 775 794 4.5 2 

7 9 5 898 693 793.8 758 9.4 14.5 

8 9 8 880 658 753.7 740 12.5 14.5 

9 9 10 889 621 735.4 742 19.5 18.4 
 

2 
m/s 310  

Table  2 Comparison of results of experimental and new analytical 
model of backing trauma at 310 m/s 

  ) mm(  
 mm   
T0524-13 5  74.5 
T0824-14  8 60 65.7 
T1024-15 10 31 29.6 
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Fig.7 Front and back view of created trauma in colored clay back up 
the composite at impact velocitiy of 190m/s and ceramic thickness (a) 
10mm and (b)5mm. 

7 
   m/s 190   10mm   (mm 5  

3  )(  
Table  3 Comparison of backing trauma of experimental and new 
analytical model at different impact velocity 

    mm( 
 m/s    

T1015-03 190 15 10.5 
T1015-08 260  24 21.2 

T1015N-06 288 29 26.1  
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/( )(a)                                  /( )(b)  

 

/( )(c)                                   /( )(d)  
Fig 8 Comparison of ceramic fragmentation and the pattern of formed 
cracks(radial, circumferential, cone)  after impact for impact 
velocities (a)190 m/s, (b) 260 m/s, (c) 288 m/s and (d) 310 m/s 
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 (  :190m/s (260m/s  (288m/s 

310m/s  

4 )   
Table  4 Comparsion of residual velocity of projectile (experimental 
and new analytical model) 

  m/s  
 m/s    

T0515-11 288 216 175 

T0524-13 310 213 190 

T0524-16 288  168 

T0815-09 260 0 0 
T1024-15 310 0 0 
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Fig.  9 Front and back view of deformation and cone formed at the 
colored clay of back up composite in the same target thickness and 
impact velocity (a)190m/s and (b) 310 m/s 
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Fig. 10 Failure of backup composite from side view after penetration 
of projectile 
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5   
Table 5 Comparison of angle ceramic cone at different impact velocity. 

   ) m/s(   

T1015-03 190 66 

T1015-08 260 63 

T1015N-06 288 61 

T1024-15 310 60 
 

  .
6 5 8 10  
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6   
Table 6 Variation of angle of ceramic cone vs. ceramic thickness 

    
 m/s mm  

T0524-13 310 5 32 

T0824-14 310 8 56 

T1024-15 310 10 60 
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7   
Table  7 Comparsion  of  residual  mass  of  projectile  at  different  impact  
velocity (analytical model and experimental) 

  )  
 m/s   

T0815-09 260 5.2  3.5 

T0815-05 288 3.67 3.15 

T1024-15 310 2.43  2.1 
 

  
Fig. 11 Erosion and deformation of projectile after impact at different 
velocities shown in Tab.7 
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8 
  

Table  8 Comparsion of backing trauma and damage area in back up 
composite with and without nano-zirconia 

      
       

   m/s  mm  Mm mm2 

T0515-11  288 40 100 2400 
T0515N-12  288 40 95 2500 
T0815-09  260 38 98 3300 

T0815N-10  260 33 88 2100 
T1015-08  260 25 85 1900 

T1015N-07  260 24 90 750 
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Fig. 12 Comparison of damage area and delamination of composite 
laminate back up ceramic in two cases, with nano(left) and without 
nano(right) at three ceramic thickness,(a)5mm,(b)8mm and (c)10mm 
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