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Nonlinear Analysis of Composite Laminates Subjected to Low-Velocity Impact
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Abstract

The nonlinear dynamic behavior of graphite/epoxy laminated composite subjected to low-

velocity impact is investigated suing a finite element method. The dynamic von-K4rmain plate

equations considering large deflection of a plate are modified to include the effect of transverse

shear deformations as in the Mindlin plate theory and also the rotary inertia effect is considered.

In the finite element analysis, the Newmark’s constant-acceleration time intergration algorithm

is used. For an efficient and accurate iteration, Akay’s skim is used. An experimentally estab-
lished contact law through the statical indentation test is incorporated into the present finite

element program. The impact responses such as contact force, central deflection and dynamic

strain history from the nonlinear analysis are compared with those from the linear analysis. The

effects of impact velocity and mass of the impactor on the responses of laminate are discussed.
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Table 1 Shear
laminate*

correction coefficients of

k:=0.864 ks=0.879

* Fiber orientation of laminate is
[0/45/0/ — 45/0)as.
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Table 2 Indentation coefficents®

k q ap B
(N/cm'®) {cm)

1.413x10° 2.5 1.667x107° 0.094

Note : 1. Diameter of indenter is 1.27cm.
2. Fiber orientation of specimen is
(0/45/0/ —45/0]zs
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Table 3 Material properties of lamina

E.=120.0 GPa viz=0.30
E,= 7.9 GPa

Gi:=Gi=5.5 GPa

Gs=2.63 GPa p=1.58g/cm’

The part used
in FEM analysis

(Let Dyg=Dyn=0)

X

B.C. of laminate
(simply supported,
fixed or free edge

—#—6 x 9 mesh

L V=0, ‘wx =0
u=0. % =0

Fig. 4 Boundary condition of laminate and mesh
used in present FEM analysis
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Fig. 10 Dynamic responses of impacted plate under fixed B.C.
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