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High velocity Impact Analysis of Carbon/Epoxy Composite Laminates

Young-Ah Kim’, Kyeongsik Woo~*, Won-Young Yoo , In-Gul Kim~ ", and Jong-Heon Kim~

ABSTRACT

In this paper, the penetration behavior of carbon/epoxy composite laminates subjected to high velocity projectile
impact was studied by numerical simulation. The composite laminates made of carbon/epoxy with [45/0/-45/90]ns
stacking sequence and the spherical steel impactor were three-dimensionally modeled. The ply numbers of 16 and
24 and the impact velocities in the range of 140-250 m/s were considered. The analysis was performed using an
explicit finite element code LS-DYNA. The residual velocity and the amount of damage were predicted and
compared to the experimental results.
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Fig. 1 Experimental impact specimen[7].
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Fig. 2 Three dimensional finite element mesh for composite laminates
and impact projectile (D = 254 mm, d = 6.35 mm, D/d = 4).
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Table 1 Material properties
(a) Composite layer (USN 150B)

Density (ton/mm?) 0 1.544x10°
Thickness (mm) oy 0.141
En 131
Young's modulus (GPa
9 (GP2) Ex»n=Ejs; 8
. . Vip=UVj3 0.018
Poisson's ratio
Vss 0.47
G2=Gi3 4.5
Shear modulus (GPa -
(GP2) Ga3 35
. X 2,000
Tensile strength (MPa) Y=2, o1
. X, 2,000
Compressive strength (MPa) Y=z, 200
S12=S813 70
h h (MP.
Shear strength (MPa) Sn 0
(b) Projectile (steel)
Density (ton/mm®) p) 7.8x10°
Young's modulus (GPa) E 210
Poisson's ratio v 0.3
Yield strength (MPa) oy 260
Tangential (GPa) Eun 1.0
g}l2] (Delamination, o,; >0):
2 2 2
033) (013) (‘723
— | t|—=—| +|=—] =10 (8)
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Table 2 Comparison of residual velocity

Stacking b/ Imp. Vel. Residual Vel. (m/s)
Seq. (m/s) AlE 3jj 4]
147 T e
3 159 24.00 24.32
185 93.04 82.02
16 155 et wsetd
[45/0/ 4 167 26.82 24.96
-45/90]2s 184 86.36 88.74
163 e st
5 173 26.51 20.86
182 61.49 55.18
207 113 urg)
3 216 19.44 10.80
242 104.42 57.44
24 211 gl Hsekd
[45/0/ 4 229 35.62 38.74
-45/90]3s 240 48.49 59.74
216 et Eenomin:
5 231 27.23 23.85
245 75.31 49.94
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Fig. 5 Failure maps for the outer layers of impacted composite laminate
(No. of plies = 16, D/d = 5, v; = 182 ms).
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(a) Transvers tension failure

(b) Delamination

Fig. 6 Damage range for tension failure and delamination of lamina (No.
of plies = 16, D/d = 5, v; = 182 m/s).
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