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1. Introduction

In many industrialized and developed countries,
the role of composites in the development is
undeniable. Some of the advantages of composites
are high strength to weight ratio, lightweight, good
abrasion resistance, and desirable properties.
Among the disadvantages of composites
compared to metals are low resistance to heat, high
cost and weakness against impact loads, which
leads to high deformation and damage between the
composite layers.

Drop weight test is a method to investigate the
damage of structures and mechanical components
subjected to impact, although in low-energy
impacts, the effects of impact are not usually
visible. During the impact, delamination and
damages such as fracture of layers and fibers may
occur. Hence, investigating behavior of multi-
layered composites due to the impact loading is
inevitable.

This study investigates numerically and
experimentally the effect of dropping different
projectiles on the deflection and behavior of multi-
layered composites. Two types of woven
reinforcements consist of glass and carbon are
considered.

2. Experimental method

Preparing samples

In order to prepare samples, resin 3001 was used
which is mixed with hardener in a ratio of 3 to 1.
Different multi-layered laminates, consisted of six
layers reinforced with glass and carbon woven
fibers are made by prepared resin and subjected to
controlled pressure in a press machine for 48 hours
to remove excess resins and eliminate the existing
bubbles and voids between the layers. Figure 1
shows final samples reinforced with glass and
carbon fibers.

Low velocity impact test
The low-velocity impact test was performed by the
drop weight test machine shown in Figure 2, in the

composite laboratory of Vali-e-Asr University of
Rafsanjan. The device is equipped with sensitive
and precious sensors to measure the displacement
and deflection of samples.

The displacement sensor in Figure 3 is capable
of storing 800 data when the plate sample is
impacted on the center point.

a) Glass fiber b) Carbon fibers
Figure 1. Composite samples

The center point displacement indicates the
maximum deflection of laminates in symmetric
boundary conditions. This machine has a fixture
with clamped boundary conditions on all edges for
different composite laminates.

Figure 3. Deflection sensor and fixture
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According to Figure 3, a deflection sensor is
used to measure the dynamic response of the
composite plate.

The projectiles are dropped from two heights of
1 and 1.5 m with impacts energies of 6.7 J and 10
J. Two types of projectiles, consisted of spherical
and semi-spherical geometries, are used and
dropped by an electric magnet.

3. Numerical simulation

For numerical study, a 250 x 250 mm square
laminate is modeled. 1.9 mm and 3.8 mm for
thickness are assumed for glass/epoxy and
carbon/epoxy  laminates, respectively  with
[0/90/07® lay-up.

ANSYS software is used to analysis the behavior
of composite plates subjected to low velocity
impact of different projectiles with clamped
boundary conditions.

It is worth mentioning that in modelling the
surface-to-surface contact, the values of tensile
and shear strength between the bonding layers are
7,=20MPa and o, =9MPa for glass reinforced

composite, and o, =30MPa and z, =100MPa for
carbon reinforced composite, respectively.

4. Conclusion

In this study, the maximum deflection carbon and
glass reinforced laminates subjected to low
velocity impact of different projectiles were
studied. Numerical simulation and experimental
analysis were done.

In Figure 4 and 5, the variation of maximum
deflection of glass and carbon reinforced
laminates versus time is depicted. Based on the
figures, it is clear that experimental results
coincide with numerical results for various cases.

Figure 6 shows damages due to the drop weight

of spherical and semi-spherical projectiles
occurred in the samples.
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impact
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impact
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Figure 6. Damages of glass (A and B) and carbon
(C and D) reinforced composites subjected to
spherical (A and C) and semi-spherical (B and
D) projectiles form height of 1.5 m.

The following conclusions are made based on the
results:

1. The results showed that carbon fiber
reinforced composite specimens has
higher strength and impact resistance
than glass fiber reinforced composite;

2. Investigation of maximum deflection in
carbon reinforced samples shows that
stiffness of these samples is more that
glass reinforced samples. So that, the
maximum deflection reduces about 25%
for projectiles drop from height of 1.5 m.

3. The maximum deflection in empirical
tests for carbon fiber reinforced
laminates at heights of 1 and 1.5 m in the
hemispherical projectile decreases by
17.5% and 24.7%, respectively, in
comparison with the spherical projectile;

4. The rate of delamination and damage in
glass/epoxy samples is more obvious in
comparison with the carbon/epoxy
samples.
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