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A Design Guide for Composite Laminates by the Compressive after Impact Tests
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Abstract

The compressive tests under impact conditions were performed to establish a design guide for
impact damage tolerance. The composition of layup was selected for the real cases of composite
aircraft structure. The energy level of visible damage threshold was determined as 7 Joules. It was
found that the normalized bending stiffnesses in the direction of closely fixed boundary affected
the area of damage. Graphite/epoxy used in the tests exhibited 609 reduction in compression
strength at the energy level of visible damage threshold. Wet-conditioned specimens represented
9% reduction in residual compressive strength in comparison with room temperature ambient
specimens. In this study, a design factor of 2.1 was proposed for the low velocity impact damage.
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Table 1 Material properties of graphite/epoxy

Longitudinal Young’s modulus, E, 130.2 GPa
Transverse Young’s modulus, E, 10.0 GPa
Shear modulus, G;, 3.2GPa

Poisson’s ratio, y, 0.32

Table 2 Impact test matrix
RTA* RTA RT/Wet
Layup
D**=12.7 mm (0.5 inch) D,=25.4 mm (1.0 inch) D,=25.4 mm (1.0 inch)

A 23 16 20
B 6 16 10
C 7 7 6

*RTA : Room Temperature Atmosphere

**D : Diameter of impactor
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Fig. 2 Configuration of internal damage in specimen
A (impact energy=5.36J)
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Fig. 5 Configuration of sublaminate-buckled speci-
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Table 3 The normalized flextural stiffness of laminates (x 10°)

Layup A Layup B Layup C
Dy* 59.5 54.8 714
Dy,* 18.1 19.7 18.1
Dye* 0.63 0.95 1.89
D,,* 51.9 53.5 40.1
Das* 0.63 0.95 1.89
Dye* 18.2 19.7 18.2
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