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Research on the Anti-Penetration Characteristics of Composite
Laminates Under Impact of Flat-Nosed Projectile

GUO Anxiao, GAO Jingwu, CAI Xuanming, YU Hongxing, MA Peiran
(School of Aerospace Engineering, North University of China, Taiyuan 030051, China)
Abstract: In order to investigate the mechanical response and damage failure mechanism of carbon fiber

reinforced polymer (CFRP) under high-speed impact loading, the penetration resistance characteristics and
response mechanism of carbon fiber composite laminates was studied. Based on the Hashin damage criterion,
and using Cohesive interface elements, a numerical simulation model of carbon fiber composite laminates
considering delamination damage under flat-nosed projectile penetration was established. The numerical
simulation was used to study the energy absorption characteristics and damage failure modes of composite
laminates under high-speed impact penetration. According to the classical ballistic limit theory, the ballistic
limit of the CFRP laminates was determined, and the damage evolution process of the CFRP laminates under

high-speed impact loading was studied, meanwhile the damage mechanism of the laminate was analyzed. The
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results show that the energy absorption characteristics of the CFRP laminate exhibit a bilinear relationship.
With the increase of impact energy, the energy absorption of the laminate first rapidly increases and then
gradually leveles off. Under the impact of high-speed penetration, the CFRP laminates first experiences fiber
tension fracture at the impact point, followed by the spreading of damage rupture areas along stress weak paths,
leading to matrix compression and the formation of bulges on the back of the laminate, subsequently evolving
into delamination damage, and finally resulting in fracture modes such as fiber bundle splitting. The degree
of damage in the lower layer region of the laminate gradually increases under high-speed impact loading. The
differential laying angles of the fiber layers causes the change in the interlayer stress conditions of the laminate,
and leades to various damage areas among the layers.

Key words: carbon fiber composite laminate; penetration resistance; ballistic limit; energy absorption;

impact loading
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Tab.1 Material parameters used in the calculation of laminates model

RS Hif ARG
o/(geem ) 1.76 MATO054/055
E/GPa 140 MAT054/055
E,,/GPa 9 MATO054/055
E,;,/GPa 9 MAT054/055
v 0.21 MATO054/055
G,,/GPa 4.6 MATO054/055
Gy5/GPa 3.082 MATO054/055
G,y/GPa 4.6 MATO054/055
X./GPa 0.795 MATO054/055
X1/GPa 0.86 MATO054/055
Y./GPa 0.795 MATO054/055
Y4/GPa 0.86 MATO054/055
Se/GPa 0.098 MATO054/055
E/GPa 10 MATI138
E;/GPa 10 MAT138
y 1 MAT138
Gey/(Jm™?) 260 MATI138
Gey/(Jsm™) 1002 MATI138
T/MPa 30 MATI138
S/MPa 60 MAT138
Tov 1 MAT138
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Tab.2 Numerical simulation results of flat projectile penetrating

CFRP laminates

1 mm CFRP 2 mm CFRP
G’
U/ (mes ) v /mes™ )y /(mes ) o /(mesT )

1 30 —2.4 30 —4.6
2 40 —6.5 40 —6.1
3 45 —3.9 45 —6.3
4 46 —7.8 50 —7.7
5 47 —8.8 56 —7

6 47.5 3.7 59 —8.8
7 48 7.1 62 —17.3
8 50 13.3 63 7.1

9 52 18.7 64 13.9
10 60 35.9 65 18.5
11 80 66.0 80 47.9
12 100 88.1 100 76.4
13 120 110.6 120 103.2
14 140 132.9 140 126.4
15 160 153.7 160 146.3
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Fig.5 The relationship curve between the remaining velocity and
the impact velocity of flat-nosed projectile penetrating the CFRP
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