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Low-Velocity Impact Response of Laminated Composite Plates Using
a Higher Order Shear Deformation Theory
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Abstract

A C°continuous displacement finite element method based on a higher-order shear deformation
theory is employed in the prediction of the transient response of laminated composite plates
subjected to low-velocity impact. A modified contact law was applied to calculate the contact
force during impact. The discrete element chosen is a nine-noded quadrilateral with 5 degree-of
—freedom per node. The Wilson-4 time integration algorithm is used for solving the time
dependent equations of the impactor and the central difference method was adopted to perform
time integration of the plate. Numerical results, including the contact force history, deflection,
and velocity history, are presented. Comparisons of numerical results using a higher order theory
and a first-order theory show that using a higher order theory provides more accurate resuits.
Effects of boundary condition, impact velocity, and mass of the impactors are also discussed.
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(x.y,2):Reference laminate axis

(x', y' z2°) ‘Laminar principle axis

Fig. 1 Description of the problem and the coordinate system
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Fig. 3 Central transverse impact of a elastic rod

Table 1 Step-by-step solution using Wilson- §%??

A. Initial calculations :
1. Form stiffness matrix K, mass matrix M
2. Initialize o, a9 @&
3. Select time step 4¢ and calculate integration
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‘g), as= adzy a=1- :;, 07—At
A
“&="g
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Table 2 Material properties of the composite plate and
impactor®

impactor 1 X =K + agM. K =LDL

Modify masy matrix of plate, Farm effeccive stiffness macrix of

—
L

calculate plate dispiacemeats :£,.(X0)
Assume impactor displacements : £,.(34)
a, assume -

-y
i

[ catcuate contace fores 1 E,22) (23) @29) G39) |

I

Solv: fe dis lacemn: ¢ time (+HOAL:
"oty ST ¢

Calculate impactor acceleration :£4.(37)
Medify eq.(34) using current aceceleracionig, curr,

Ge A230 ., "V CUTT,

aiculate impactor velocity, accesleration, displ.
at time {+\(¢, increase time step

O (s

rPlo:s the resuit by CPLOTJ

Fig. 4 Flow chart for impact analysis

Ply thickness % ; 0.01346cm

Density o ; 1.58X107°N - sec’/cm’

Logitudinal Young’s modulus £, ; 120.0X 10°N/cm?
Transverse Young’s modulus E; ; 7.9X 10°N/cm?
Shear modulus G=Gi= Gz : 5.5X 10°N/cm?
Poisson’s ratio v ; 0.30

Impactor Young’s modulus E ; 205.7 % 10°N/cm?

Table 3 Contact coefficients of specimen

(0°/45°/0°/ —45°/0")8

Average contact coefficient
k. 1.413x10°N/cm™®
Power index
q.2.5
Critical indentation
a . 1.667x107%cm
Constant
Sp . 0.094
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elastic rod
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Fig. 7 The contact forces between impactor and plate calculated by the first/higher order plated theory.
Graphite/epoxy plate with simply supported edges impacted by 12.7mm diameter steel sphere at 3.0m/

sec
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Fig. 9 The contact forces between impactor and plate calculated by the first/higher order plate theory Graphite/
epoxy plate with clamped edges impacted by 12.7mm diameter elastic rod at 2.92m/sec
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Fig. 10 Comparison of the impactor/plate displacements calculated by the first/higher order plate theory.
Graphite/epoxy plate with clamped edges impacted by 12.7mm diameter elastic rod at 2.92m/sec

300 [—-— FIRST —ORDER
=N ; 818 ———-_ HIGKER-ORDER

ITY ( om/sec)

INPACTOR VELOC
a
3

g

Fig. 11  The impactor velocities calculated by the first/higher order plate theory. Graphite/epoxy plate with
clamped edges impacted by 12.7mm diameter elastic rod at 2.92m/sec
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Fig. 12 The contact forces between impactors and plates calculated by the first/higher order plate theory

Graphite/epoxy plates with two different thickness, clamped edges impacted by 12.7mm diameter
elastic rod at 2.92m/sec
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Fig. 14 The contact forces between impactors and plates calculated by the first/higher order plate theory.
Graphite/epoxy plate with different boundary conditions impacted by 12.7mm diameter elastic rod at
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Fig. 15  The impactor/plate center displacemets calculated by the first/higher order plate theory. Graphite/
epoxy plate with different boundary conditions impacted by 12.7mm diameter elastic rod at 2.92m/sec
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Fig. 16 The impactor velocities calculate by the first/higher order plate theory. Graphite/epoxy plate with
different boundary conditions impacted by 12.7mm diameter elastic rod at 2.92m/sec
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Fig. 17 The contact forces between impactors and plates calculated by ther first/higher order plate theory.
Graphite/epoxy plates with clamped edges impacted by 12.7mm diameter elastic rods of three different
masses at 2.92m/sec
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Fig. 18  The plate displacements calculated by the first/higher order plate theory. Graphite/epoxy plates with
clamped edges impacted by 12.7mm diameter elastic rods of three different masses at 2.92m/sec
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Fig. 19 The contact forces between impactors and plates calculated by the first/higher order plate theory.
Graphite/epoxy plates with clamped edges impacted by 12.7mm diameter elastic rods of three different
impact velocities(2.92m/sec, 5.84m/sec, 8.76m/sec)
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