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Abstract

An analytical solution has been developed for the impact response of delaminated composite plates. The
analysis is based on an expansion of loads, displacements, and rotations in a Fourier series which satisfies the
end boundary conditions of simply-supported. The analytical formulation adopts the Laplace transformation
technique, requiring a linearization of contact deformation. In this paper, the nonlinear contact stiffness is
replaced by a linearized stiffness, to provide an estimate of the additional compliance due to contact area
deformation effects. It has been shown that defects such as delaminations may be modeled as spring stiffness.
The change in the impact characteristics as this spring stiffness has been investigated theoretically. Predicted
impact responses using analytical solution are compared with the numerical ones from the 3-D non-linear
finite element model. From the results, it is shown that analytical solution was found to be reliable for
predicting the impact response.
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Fig. 1 Delamination model for impact analysis
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Fig. 2 Spring element model using general-purpose FEM
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Fig. 3 Laminate with a delamination and gap element
stiffness curve used to connect solid element

Fig.4
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Fig. 4 Configuration of delaminated area

Table 1 Material properties

E; =120 GPa, E,= 7.9 GPa

G]_ZZG13:(323: 55 Gpa
Material properties

Of lamina Vi, =03

£ =1582 kg/m®

Thickness = 0.125 mm

Material properties of E =207 Gpa
impactor V=03
4,

Fig.5 Fig.4

(MJ/Mp)  35.0 ,
0.5 m/sec . M,
Mp . Fig.6

(MJ/Mp) 100 ,
0.5 m/sec
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Fig. 5 Impact force histories analyzed using an

analytical solution and the 3-D non-linear model when
the mass ratio 35.0

— Analytical

— Numerical
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Fig. 6 Impact force histories analyzed using an

analytical solution and the 3-D non-linear model when
the mass ratio 10.0
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