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

333

Jung-Kyu Jun®, Oh-Yang Kwon"', and Usik Lee

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 and with the results by nonlinear finite-element analysis. 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. Delamination was distributed rather evenly at
each interface along the thickness direction of curved laminates on the contrary to the case of flat laminates,
where delamination is typically concentrated at the interfaces away from the impact point. 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

Ei(GPa) 144.6 oL"(GPa) 2.1
Ex(GPa) 6.9 oL (GPa) 2.1
G2(GPa) 42 o1'(GPa) 0.02
Viz 0.32 or (GPa) 0.1
p(g/cc) 1.6 Tur(GPa) 0.2
Table 2 Summary of the di and the q y of specimens
Parameter [03/905/03/905/05]  [454/-454/-454/45,)s
Radius(mm) 50, 150, 300, 500, « 100
Length(mm) 76.2 76.2
Arc length(mm) 76.2 76.2
Thickness(mm) 1.7 3.6
Quantity(ea) 20 20

Table 3 Nominal and measured values of the radius of curvature

Nominal radius(mm) razliiasigled) Difference(%)
- 50 489 2.2
150 145.9 2.7
300 290.1 33
500 480.5 3.9
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Fig. 1 A schematic of vacuum-bag molding system.
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Fig. 2 Autoclave curing cycle for CFRP laminates.
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Fig. 3 Overall view of test fixture with convex shell(R=50mm)

Fig. 4 Bird's-eye view of the impact test setup.
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Fig. 6 Contact force vs. time curves with different radius of

curvatures of [03/903/05/905/05] specimens.
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Fig. 7 Effect of the radius of curvature on the maximum contact
force in [03/905/03/90:/03] specimens.
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Fig. 8 Effect of the radius of curvature on the maximum central
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Table 4 Summary of impact test results for [03/903/05/905/0;]

specimens
Radius(mm) eflr:l_%i%) fo rlc\:i?l):N) d e?]/é?nxm) Contact(ms)
50 32 0.89 4.42 8.93
150 32 0.72 6.11 12.01
300 32 0.71 6.53 12.04
500 3.2 0.70 6.18 11.95
00 3.2 0.61 8.15 13.95
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Fig. 12 Comparison of the experimental and the analytical
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Fig. 13 An enlarged view of the cross section of damaged
[03/903/05/903/0;] specimens with the radius of
curvature of (a) 500mm, (b) 150mm and (c) 50mm.
The arrow indicates the impact point and thick solid
lines indicate delamination whereas dotted lines
represent matrix cracking.

v (c) "

Fig. 14 SEM photographs of the cross section of
impact-damaged [05/903/05/905/0;] specimens with the
radius of curvature of (a) 500mm, (b) 150mm and (c)
S0mm.
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