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Effect of thickness of carbon fiber backplane on penetration resistance of
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Abstract: Carbon fiber (CF) composites are widely used in the field of aerospace protection due to their high
strength and low density. To investigate the effect of CF backplate thickness on the impact resistance of Al plates,
the experiments using a musket were conducted to launch an 8 mm tungsten alloy spherical projectile at CF/Al
composite plates. The dynamic response and internal damage of the composite plates under different impact condi-
tions were examined by digital image correlation (DIC) and computed tomography (CT). The effect of CF plate
thickness (0.7-12.6 mm) on the energy absorption performance of CF/Al composite plate was studied based on the
finite element model of fragment penetration of CF/Al composite plate. The results show that the aluminum plate is
subjected to shear failure under the impact, the inner fiber is damaged with compressive shear, while the outer fiber
is deformed by tensile deformation. The failure crack extends along the fiber direction and the delamination is

significant. The energy absorption of Al plate does not increase significantly under the penetration of projectiles
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(1 000 m/s, 1 250 m/s, 1 500 m/s) when the CF plate increases to a certain thickness (4.2 mm, 5.6 mm, 5.6 mm), and

the impact kinetic energy of Al plate is 1 008.02], 2 061.84 ] and 2 868.61 ], respectively. The fiber layer position

affects the change of the fiber damage area and the fiber damage shape, the fiber damage area decreases firstly and

then increases along the direction of fiber thickness, and the fiber damage shape changes from oval to elongated

along the direction of thickness. With the fiber thickness increase, the specific energy absorption of CF/Al compo-

site plate decreases linearly with the areal density increase.

Keywords: carbon fiber; aluminum composite plate; tungsten ball impact simulation; bullet penetration resist-

ance; damage characteristic
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Table1 Material parameters of carbon cloth and epoxy resin

Material Model o,/MPa E/GPa /% o/MPa o,./MPa oa/(m-s™)
Carbon fiber UT70-30 3961 240 1.8 917 - 300
Epoxy resin WB-674T 50 2.62 2.8 67 76 -

Notes: oy, is the tensile strength; E is the elastic modulus; A is elongation rate; o is the flexural strength; o7, is the compressive strength; p,

is the areal density.
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Fig.1 Carbon fiber (CF)/Al target fabrication process
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Fig.3 Target plate fixing method and schematic diagram of high-speed

(b) Calculated strain area
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Fig.4 Schematic diagram of a composite target simulation model
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Table 2 CF mechanical parameters

Parameter Value
p/(kg-m™) 1796.4
E,,/GPa 253.338
E,,/GPa 4.814
E,,/GPa 4.814
V12 0.3

V13 0.3

Va3 0.3
X,/MPa 3621
X,/MPa 2624
Y,/MPa 26.25
Y,/MPa 56.50
Z,/MPa 26.25
Z,/MPa 56.50
S12/MPa 69.70
S13/MPa 2.86
S,3/MPa 2.86

Notes: p is the density; E};, E,y, E33 are the moduli of elasticity in
the axial, tangential and normal directions; v;,, v;3, v,3 are the
Poisson's ratio; X,, Y,, Z, are ultimate tensile strength; X, Y, Z,
are ultimate compressive strength; S;,, S;3, S,3 are ultimate shear
stress.
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Table 3 Comparison of penetration target simulation and experimental data

Terminal velocity/(m-s™)

Structure Thickness/mm Initial velocity/(m-s™") - - - Error/%
Simulation Experience
Al 10.02 1027.49 823.83 844.88 2.5
Al 10.01 861.67 682.44 658.75 3.6
Al 10.01 1 020.48 822.30 835.62 1.6
Al 10.01 1 283.26 1043.31 1 093.19 4.6
Al 10.00 1091.24 879.88 856.74 2.7
4CF/Al 12.72 1010.14 784.35 794.27 1.3
4CF/Al 12.70 1378.16 1 065.34 1193.97 1.1
6CF/Al 14.20 1 048.13 798.47 777.00 2.8
8CF/Al 15.50 1 006.73 670.38 679.29 1.3
10CF/Al 17.20 975.60 621.53 610.66 1.8
12CF/Al 18.40 954.95 577.39 574.30 0.5
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