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Abstract: The damage mechanisms and ballistic performance of ultra-high molecular weight polyethylene ( UH-
MWPE) fiber reinforced composite/metal armor plates were investigated under combined blast and fragment
impact. The combined loading experiments were conducted with composite projectiles. The typical failure

modes of the armor plates at varying impact velocities were systematically analyzed. On this basis, the finite el-
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ement method was employed to validate the experimental results. Furthermore, the key influence of the panel
structure layout on its dynamic response was further explored. The results demonstrate that, in the configura-
tion with UHMWPE at the front, the rigid constraint imposed by the steel plate restricts the large deformation
capacity of the fiber layers. However, it enhances the stress diffusion effect. Consequently, this configuration
exhibits superior blast resistance. Conversely, in the configuration with UHMWPE at the back, the UHMWPE
layer fully exerts its potential of viscoelastic deformation. It dissipates the fragment kinetic energy primarily
through large deformation, resulting in better penetration resistance. The difference in protective efficacy be-
tween these 2 configurations originates from the distinct constraint effects from the material stacking sequence.
This constraint effect directly governs the energy distribution mechanisms and the evolution of failure modes

within the composite structure.
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Fig. 1 Schematic diagram of the composite projectile (unit; mm)
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Fig. 2 Schematic diagram of the experimental principle(unit; mm)
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Table 1 Material parameters of UHMWPE

type areal density/(g-m™2) ply thickness/mm elastic modulus/GPa tensile strength/GPa
HA-792 125+5 0.15+0.02 34 1.2

FEGRSHIE 2(b) iR, Je B R SFR 240 mmx240 mm, 7% UHMWPE & & 8 R % 1 5 5 SCRAFIE I
IR R ARt 5 R A A o6, HIREFL N T35 5 760 FAC HEAT T 40 5, sk T e B s pr
RSEHA 260 mmx260 mmx3 mm AEAR PUJE A 16 ANIRFL, FHF UM e H 2 (8] 04 1 |, i O30 AR 1 7 5.
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Fig. 3 The quasi-static compressive stress-strain curve of the closed-cell aluminum foam
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Table 2 Experimental results of the target plate subjected to the composite projectile impact

case specimen configuration initial velocity/(m-s™") residual velocity of FSP/(m-s™") back-face deformation/mm
P1 front-positioned UHMWPE 261.35 0 42.94
P2 front-positioned UHMWPE 280.02 205.35 46.03
P3 front-positioned UHMWPE 336.02 242.68 47.90
P4 front-positioned UHMWPE 373.36 330.20 53.02
Q1 back-positioned UHMWPE 298.00 0 50.78
Q2 back-positioned UHMWPE 339.78 0 56.38
Q3 back-positioned UHMWPE 369.21 0 64.22
Q4 back-positioned UHMWPE 392.02 0 76.54
Q5 back-positioned UHMWPE 410.69 168.01 77.28
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Fig. 4 The high-speed photographic sequence of the composite projectile impacting the front-positioned UHMWPE specimen
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(d) P4 specimen impacted at initial velocity 373.36 m-s™!
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Fig. 5 Schematic diagram of failure modes of the front-positioned UHMWPE specimen subjected to the composite projectile impact
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Fig. 6 The high-speed photographic sequence of the composite projectile impacting the back-positioned UHMWPE specimen
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Fig. 7 Schematic diagram of failure modes in the back-positioned UHMWPE specimen subjected to the composite projectile impact
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Fig. 8 Schematic diagram of the 1/4 finite element model
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Table 3 Material parameters of Q235 steel for the MAT_PLASTIC_KINEMATIC constitutive model® 78]
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Table 4 Material parameters of the UHMWPE composite for the MAT_COMPOSITE_FAILURE_SOLID_MODEL constitutive model "’

p/(kg - m™) E,,E, /GPa E, /GPa G, .G, /GPa G,, /GPa
970 34,257 5.1 0.547 8 0.173 8
Veu Ve Vi T,,T,/GPa C, /GPa C,.C, /MPa
0.013 0 1.25 1.74 725

i34 G MAT_CRUASHABLE_FOAM #5745 sheky T ILURAS BALIA J1 2 PERE 14 3L S50 M A5 1Y
IO 3 -J A 2k (DLIEL 3) T il B rP I IR R A AR e R, HR A RS RO 5.
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Table 5 Material parameters of the aluminum foam for the MAT_CRUASHABLE_FOAM constitutive model '®]

p/(kg-m™) E /GPa v TSC/MPa DAMP
378 1 0 7.1 6.18
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Fig. 9 Comparison between simulation and experimental results
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Fig. 10 Energy evolution of finite element models
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Fig. 11 Comparison of energy absorption by component materials in front configuration P3 and back configuration Q2 at 50 ps
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Fig. 13 The initial velocity-peak vs. back-face deformation graph
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