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Damage Assessment of Curved Composite Laminate Structures
Subjected to Low-Velocity Impact

Jung-Kyu Jun and Oh-Yang Kwon
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Abstract

Damage induced by low-velocity impact on the curved composite laminates was experimentally
evaluated for CFRP cylindrical shells with the radius of curvatures of 50, 150, 300, and 500 mm. The
result was then compared with that of flat laminates. The radius of curvatures and the effective shell
stiffness appeared to considerably affect the dynamic impact response of curved shells. Under the same
impact energy level, the maximum contact force increased with the decreasing radius of curvatures,
with reaching 1.5 times that for plates at the radius of curvature of 50 mm. Since the maximum
contact force is directly related to the impact damage, curved laminates can be more susceptible to
delamination and less resistant to the low-velocity impact damage. The distribution of delamination
along the thickness direction of curved laminates are also different from that of flat plates.
Delamination was distributed rather evenly at each interface along the thickness direction of curved
laminates. This implies that the effect of curvatures has to be considered for the design of a curved
composite laminate.
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Table 1 Lamina properties of UIN 125B graphite/epoxy

E, (GPa) 1446
E, (GPa) 6.9
Gz (GPa) 42
Vi 0.32
p (g/cc) 16

Table 2 Parameters of the test specimens

Parameter [03/905/0+/903/05] [454/-454/-454/454)s
Radius(mm) 50, 150, 300, 500, o 100
Length(mm) 76.2 762

A
e 762 762
length(mm)
Thickness(mm) 1.7 36
Quantity(ea.) 20 20
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Fig. 1 A schematic of vacuum-bag molding system
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Fig. 2 Interfaces of a curved composite laminate
specimen
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Fig. 3 Contact force vs. time curves with different
radius of curvatures for [03/903/0:/90:/05] specimens
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Fig. 4 Effect of the radius of curvature on the
maximum central deflection for [03/905/0:/905/0]
specimens
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Fig. 5 Contact force vs. time curves with different
impact velocities
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Fig. 6 Damage map of the impacted [05/905/05/905/05]
specimens after 3.2J impact
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Fig. 7 Average damage extent vs. interface with
different radius of curvatures
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Fig. 8 Average damage extent vs. peak force at
different interfaces
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