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(a) B,C ceramics target

(b) B,C/titanium alloy/UHMWPE composite target
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(c) Titanium alloy/UHMWPE composite target
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Fig. 2 High speed photography system Fig. 3 Three kinds of B,C ceramics targets
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Table 1 Mechanical properties of projectiles and targets

Material pl(g'em™)  E/GPa Poisson’s ratio Tensile strength/MPa Yield strength/MPa
GCrlS5 steel 7.83 217 0.3 861.3 518.4
TC, 445 114 0.3 1000+50
UHMWPE fibers  0.97 124 3340

Material pl(grem™)  E/GPa  Compressive strength/GPa  Fracture toughness/(MPa-m'?) Vickers hardness/GPa
B,C 2.51 450 1.96 2.6+0.15 24.5+1.0
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(a) B,C ceramics (b) Fiber constrained plan 1 (c) Fiber constrained plan 2
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Fig. 4 B,C ceramics and two different designs of constrains
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Fig. 6 Projectile speed measuring instruments
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Table 2 Targets construction and experimental results (©12.7 mm projectile)

Target Area density/  Thickness/  Mass/ Initial Residual
No. Target structure (kg-m™?) mm g velocity/(m-s™) velocity/(m-s™) Damage
A1 B, C/TC/UHMWPE/TC, 47.6 18.54 8.36 1194.2 Unpenetrated
A2 B,C/TC/UHMWPE/TC, 479 18.55 8.36 1044.5 Unpenetrated
A3 B,C/TC,/UHMWPE/TC, 47.2 18.63 8.36 947.4 Unpenetrated
A4 B,C/TC,/UHMWPE/TC, 47.6 18.82 8.36 890.0 Unpenetrated
Bl TC,/UHMWPE 31.5 17.91 8.36 1284.8 805.3 Penetrated
B2 TC,/UHMWPE 32.6 17.84 8.36 1061.8 716.7 Penetrated
B3 TC,/UHMWPE 30.7 17.91 8.36 958.1 574.5 Penetrated
B4 TC,/UHMWPE 32.7 17.85 8.36 940.5 478.3 Penetrated
Cl B,C ceramics 32.0 10.06 8.36 1244.0 840.0 Penetrated
Cc2 B,C ceramics 32.0 10.06 8.36 1136.6 520.2 Penetrated
C3 B,C ceramics 32.0 10.05 8.36 1050.0 507.7 Penetrated
Cc4 B,C ceramics 31.9 10.03 8.36 1139.6 570.0 Penetrated
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Fig. 7 Penetration process of steel ball to B,C/titanium alloy/UHMWPE composite target (2x10* frames/s)
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Fig. 8 Penetration process of steel ball to B,C ceramics (2x10* frames/s)
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(a) Various sizes of B,C ceramics fragments (b) Large fragments of B,C ceramics
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Fig. 9 Fragments of B,C ceramics in penetration experiments
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Fig. 10 Relationship between residual velocity and initial velocity

(c) UHMWPE and titanium alloy
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Fig. 11 Damage view of B,C/titanium alloy/ UHMWPE
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Fig. 12 Damage morphology of titanium alloy/UHMWPE
composites plate
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®3 WIRGHFIREEER(12.7 mm K4F3E)

Table 3 Targets construction and experimental results (12.7 mm long-rod projectile)

Projectile

Target No. Target structure Projectile mass/g velocity/(m-s™) Damage
1 B,C/20 mm aluminum plate 24.90 618.1 Unpenetrated
2 Fiber constrained plan 1/20 mm aluminum plate 24.85 643.5 Penetrated
3 Fiber constrained plan 2/20 mm aluminum plate 24.99 630.2 Penetrated
4 Fiber constrained plan 1/20 mm aluminum plate 24.96 658.2 Penetrated
5 B,C/20 mm steel place 24.97 641.4 Unpenetrated
6 Fiber constrained plan 1/20 mm steel place 24.96 622.8 Unpenetrated
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Fig. 15 Damage morphology of fiber constrained B,C ceramics
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Experimental Study of Ballistic Performance for
Boron Carbide Ceramic Composite Targets

REN Wenke', GAO Guangfa', PIAO Chunhua’, ZHANG Yang®, XU Tongkun®, ZHAO Bin’

(1. Nanjing University of Science and Technology, Nanjing 210094, China;
2. Heilongjiang North Tool Co., Ltd, Mudanjiang 157013, China;
3. No.52 Institute of China, North Industries Group Yantai Branch, Yantai 264001, China)

Abstract: In order to investigate the ballistic performance of boron carbide ceramics, we carried out
experiments of a @12.7 mm steel ball penetrating the boron carbide ceramic and composite target, and a
12.7 mm long-rod projectile penetrating the boron carbide ceramic composite target constrained by the
ultrahigh molecular weight polyethylene (UHMWPE) fibers. In the experiments, the failure mode of boron
carbide ceramics was discussed, and the influence of the constraint mode of ballistic performance on boron
carbide ceramics was studied. The results show that under the constraint of titanium alloy/UHMWPE
backing plate, the interaction time between projectile and ceramic is longer, which could create finer ceramic
powder and decrease the size of fragments. Hence, as the carbide ceramics absorb more energy, it could
achieve better ballistic performance. As the result of the combination of the projectile and the ceramic cone,
the titanium alloy back plate was damaged, forming the petal shape. And the UHMWPE laminate is
accompanied by a large-scale interlayer delamination, forming an “X”-shaped bulging phenomenon. The
fiber-constrained ceramics enable the boron carbide ceramic plate to remain intact when the bullet penetrates,
enhance the abrasive effect on the projectile, improve the elastic resistance, and have a certain resistance
against multiple impacts. Besides, the anti-penetration mechanism of boron carbide ceramic composite armor
has also been analyzed, and we hope this paper can help with the optimization design of composite armor in
the future.

Keywords: boron carbide ceramic; penetration; ceramic composite target; ultra high molecular weight

polyethylene fiber; three-dimensional constraint
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