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Peridynamic damage simulation of composite structures
subjected to fragment clusters

CHEN Zhipeng, MA Fulin, YANG Nana, YAO Xiongliang, JU Jinlong
(School of Ship Engineering, Harbin Engineering University, Harbin 150001, Heilongjiang, China)

Abstract: In recent years, as a hot area of computational mechanics, peridynamic has attracted the attention of researchers.
The peridynamic theory attempts to unify the mathematical models of continuum, cracks, and particles into one framework,
which is essentially a mechanical model independent of the scope of continuum mechanics. The governing equation of
peridynamic adopts the spatial integral form, and the continuity of the field function is no longer required. Compared with the
traditional methods based on continuum mechanics, this method has a great advantage in dealing with discontinuity problems,
such as crack propagation and other fracture problems. In this paper, the peridynamic method was used to study the damage
characteristics of composite structures under the impact of a fragment group and to analyze the enhancement effect on the
penetration ability during the destruction process. Through a self-programmed peridynamic model, the penetration process of a
fragment group into a composite laminate was simulated to explore the influence of the fragment velocity, fragment number
and fragment spacing on the penetration ability enhancement. The results show that the damage modes of the laminate structure
under the action of high-velocity fragment group penetration are diverse and related to the number, velocity and spacing of the
fragments. The increase in the fragment number has a significant effect on the penetration ability of the fragments. The
fragment spacing is negatively correlated with the enhancement effect. When the fragment spacing decreases, the damage
effect increases. The fragment velocity directly determines the penetration time, and the increase in the fragment velocity
decreases the penetration time. The superimposition effect of the stress waves is not enough to affect the penetration ability of

the fragment group.
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Table 1 Material properties of the laminate

2R EP HifE LA
E, X7 ) A 125 GPa
E, V7 T A 7.6 GPa
E, 277 T A 7.6 GPa
Vi TS TARA HE 0.344
Vi3 THANAA H 0.344
Vi [IOEZRIEL/NEA 0.46
Gy, xy VT B YR 432 GPa
Gy, xz VI By DI 4.32 GPa
Gy, yz VI B PR 3.23 GPa
p I 1678 kg/m’
X, O NEENALTYS 2200 MPa
X, ENO) R i 1100 MPa
Y, i T AR i 50 MPa
Y, R [ R4 200 MPa
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Fig. 1 Schematic diagram of the arrangement of fragment groups with different numbers
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Fig. 2 Schematic diagram of the impact condition of the fragment group
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Fig. 3 Damage degree of the model
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Table 2 Damage modes of the laminate subjected to fragment group penetration when the fragment spacing S=1 mm
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Table 3 Damage modes of the laminate subjected to fragment group penetration when the fragment spacing S=10 mm
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Fig. 4 Failure process of the laminate subjected to fragment group penetration (S=1 mm, v=800 m/s)
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Fig. 5 Failure process of the laminate subjected to fragment group penetration (S=10 mm, v=800 m/s)
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Fig. 8 Failure process of the laminate subjected to fragment group penetration (S=5 mm, v=800 m/s)
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Fig. 9 Failure process of the laminate subjected to fragment group penetration (S=20 mm, v=800 m/s)
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Fig. 10 Comparison of penetration ability between fragment group and single fragment at different initial velocities
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Fig. 11 Failure process of the laminate subjected to fragment group penetration ($=3 mm, v=1 200 m/s)
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