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Analytical Methods on Low-Velocity Impact of

Aircraft Composite Structures
Ik-Hyeon Choi*

Abstract

Some analytical methods to analyze low-velocity impact force history of composite
laminated structures used in aerospace vehicles are reviewed. A classical method used at
initial research of low-velocity impact problem in 1980s was reviewed on its physical
meaning, and the approximate method assuming the shape of impact force history as a
sinusoidal wave was reviewed. A parametric study on contact constant and exponent in
contact law was performed in order to analyze an effect on impact force history, and finally
it was understood that impact force history could be analyzed accurately even though the
linearized contact law was used. Also, in this paper it was shown that impact problem could
be analyzed simply and easily using a commetcial finite element code.
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G =0, ()~ mp (x, y, t) : indentation of laminate
F=f) :

contact force determined by contact law

T8 1. Contact force and indentation
determined from difference between
displacements of impactor and

laminate.
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2 2. Relation between contact force and
indentation in modified Hertzian contact
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E 1. Material properties and other conditions.

prepreg model no. | HFG CU-125 graphite/epoxy
E1=135.4 GPa, Ex=E;=9.6GPa
G12=G13=4.SGP21, G23=3.2GPa

1.112:0.31, L123=O.52

stiffness

Poisson’s ratio

Density 1580 kg/m”

stacking sequence | [0/90]ss

thickness of ply 0.1125 mm

size of laminate 10x10 cm

boundary condtion | 4 edges fixed
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13 4. Impact force histories using modified
Herzian contact law.
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T8 5. Impact force histories using modified Herzian

contact law.
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(b) Lumped mass model

12! 6. Finite element modeling of lumped mass model
for eigenvalue analysis.
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18! 7. Impact force histories using modified
Herzian contact law and approximate
method.
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8 8. Impact force histories using modified Herzian
contact law and approximate method.
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12l 9. Impact force histories using modified Herzian
contact law and approximate method.
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28 11. The linearized contact law and the
modified Hertzian contact law.
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18| 12. Spring element model for impact analysis
using the linearized contact law.
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8 13. Impact force histories using the modified
Hertzian contact law and the spring
element model.
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T8 14. Impact force histories using the modified
Hertzian contact law and the spring
element model.
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Z8 15, Impact force histories using the modified
Hertzian contact law and the spring
element model.
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28 16. Impact force histories from geometrical
nonlinear analysis using the modified
Hertzian contact law and the spring
element model.
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