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Abstract

In this study, the impact damage of T300/PA6 composite laminates subjected to punches with differ-
ent structural shapes was investigated through numerical simulations using the ABAQUS software.
On the basis of all-round consideration of various failure modes in the laminates, including matrix fail-
ure, fiber failure, interlaminar failure, and failure of their combinations, a three-dimensional Hashin
failure criterion was established using the VUMAT subroutine. Cohesive zone elements were employed
to thoroughly analyze the progressive evolution of interlaminar damage in the laminates. The results
show that the cylindrical punch has the shortest contact duration of 3.9 ms and the largest delamina-
tion area of 1841.34 mmZ2. In contrast, the conical punch has the longest contact duration of 6.6 ms
and a delamination area of 553.11 mmZ2. This indicates that a more blunt punch design leads to higher
impact forces and shorter contact durations, which in turn promotes delamination damage. Conversely,
a sharper punch results in lower impact forces and extended contact durations, which is more condu-
cive to matrix damage. When the impact energy is kept constant, a blunter punch design causes rel-
atively less damage to the composite laminates.
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Figure 1. Three different punch shapes
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Figure 2. Finite element model
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Table 1. Basic material property parameters of CF/PA6
= 1. CF/PA6 EAM I ERESH

E, (MPa) E, (MPa) G, (MPa) G, (MPa) v p (T/mm3)

115,000 7200 3100 2400 0.3 1.47e-9
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Table 2. Mechanical property parameters of CF/PA6 material
7 2. CFIPAG TR hZEERES#

X; (MPa) X. (MPa) Y, (MPa) Y. (MPa) G, (N/mm) G, (N/mm) G, (N/mm)

1760 1100 61 68 56 10 7

Table 3. Interfacial element material parameters

3 FHERTMBESH

N (MPa) S (MPa) G, (N/mm) G, (MPa) 7 p (T/mm3)

60 80 0.35 1.45 1.45 1.48e-9
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Figure 3. Damage conditions of the laminated plate corresponding to different punch geometries
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Figure 4. Damage conditions of the laminated plate base corresponding to different punch geometries
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Figure 5. Contact force-time curves corresponding to different punch
geometries
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