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of varying extent, depending on impact energy.

Model: delaminations Model: intra-ply damage Model: permanent deformation
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Finite element model
showing the assumed
distribution of Hashin
type fiber damage para-

Predeformed, stress-free
finite element model de-
picting the permanent
deformation caused by an

Finite element mesh in
a partially delaminated
interface. Delaminated
area shown in green.
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Results: Free vibration after impact
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with delaminations occurring in different interfaces. with Hashin type intra-ply damage occurring in different CFRP layers. with different levels of predeformation. The predeformation is given as

the maximum indentation depth.

Conclusions Outlook

m Low-velocity impact results in delaminations, intra-ply  m Permanent deformation is the leading cause of change m Combinations of different types of damage
damage to CFRP layers and permanent deformation In natural frequencies and modal damping ratios m Forced vibration

m Natural frequencies and modal damping ratios largely wm CLD is a highly damage-tolerant intrinsic damping m Varying laminate configurations and materials
unaffected by delaminations and intra-ply damage mechanism for lightweight design
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