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Abstract In this paper, the low velocity impact behavior of a composite material was investigated using the LS DYNA a
finite element package. In order to investigate the damage produced by different impactors, three shape impactors were
chosen (ball, cylinder, and truncated cone). The impactors impact the plate with a velocity of 6m/s. The composite was a
carbon fiber/epoxy of sequence stacking[45/0/-45/90]s. All the impactors dropped the plate at the center. In order to study the
effect of the inclination of the laminated plate, three different inclination angles were chosen (30, 45 and 60°). The loads, the
impact energy, the displacements and the Von Mises stresses were computed and represented in a different graphs en function
of the time of the impact. The truncated cone and a cylinder provide a higher impact forces and a displacements (great

damaged zone). In the case of an angle of 30°, the ball produced a higher displacement and impact energy.
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1. Introduction

The fibrous composites are being increasingly used in load
bearing structures due to number of advantages over
conventional materials: high specific strength and stiffness,
good fatigue performance and corrosion resistance. A
serious obstacle to more widespread use is their sensitivity to
impact and static loads in the thickness direction. As
composites have demonstrated to be very venerable to out of
plane impact, which cause barely visible impact damage
(BVID) reportedly contributes up to 60% loss in structures’
compressive strength and major reason of catastrophic
failures. The energy absorbed during impact is mainly
dissipated by a combination of matrix damage, fibre fracture
and fibre-matrix de-bonding, which leads to significant
reductions in the load carrying capabilities. In ballistic
impacts the damage is localized and clearly visible by
external inspection, while low velocity impact involves long
contact time between impactor and target, which produces
global structure deformation with undetected internal
damage at points far from the contact region. For such
reasons the low velocity impact are often simulated by
simple static indentation-flexure tests, neglecting the
influence of dynamic effects. It is also suggested the
complete model to take into account the full dynamic
behavior of the laminates. Abrate and al[1] have investigated
the delamination of two laminated composite graphite/PEEK
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and graphite/BMI under low velocity impact. The range
number of layers varies from 9 to 95 plies. The obtained
result shown a higher delamination threshold load and higher
damage resistance. The resulting damage is not normally
visible on the specimen surface nor is easily detected and
grows rapidly during normal service cycles, thus reducing
the strength and operational life. The area has been under
active research for a quite some time. Some of the relevant
articles addressing this issue found in the literature are
presented below. The strategy of reducing the stiffness of
damaged plies to a certain fraction without considering the
degree of damage was used by some investigators[2, 3].
Other researchers applied damage theory of continuum
mechanics to address the internal damage. They initiated the
stressstrain relation for the actual damaged by introducing a
fourth-order damage operator to transform the compliance
matrix according to the damage states. Based on this work,
several investigations were conducted in the subjects such as
tension of composite laminates with holes and high velocity
impact of composite laminates[4-7]. They adopted the
simp le assumption that when damage occurs, the mechanical
properties would reduce to certain levels. The impact
induced de-lamination another important damage mode was
combined because the level of impact energy to initiate
de-lamination is low and the post-impact compressive
strength reduces dramatically. New techniques used in[8] to
model the laminate as a stack of elements tied by contact
interface conditions, allows the inter-laminar layers to model
and predict strength reduction. Because of the complex
nature, a simple and effective criterion for the BVID
prediction and damage/delamination initiation is still lacking.
The stability of simulation was another important issue to be
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considered, when changes of material properties were taken
into account. Cantwell and Morton proposed a pine tree
damage pattern and a reversed pine tree damage pattern for
the impact-induced matrix cracks in thick and thin thickness
laminated composites, respectively[9]. Freitas proposed a
pine tree damage pattern with vertical matrix cracks on the
bottom layer[10]. Since 1980s, many researchers have
analytically and experimentally investigated the low velocity
impact behaviour of composite laminated structures. Most
composite structures will be under some level of stress when
impacted. For example, the upper skin of the main wing of
the aircraft will be mainly under in-plane compressive load
during flight and the lower one will be under in-plane tensile
load. So, foreign objects like hail and debris in the runway
shall give an impact to 638. Umar Farooq and Karl
Gregory[11] have studied a composite laminated structure
under in-plane load. However, a few studies on the impact
behaviour of the composite laminates under in-plane load
have been published. In 1985, Chen and Sun[13] have
developed a finite element program to analyze the impact
response of the composite laminate under biaxial in-plane
load. Using the finite element program they solved for three
cases of in-plane load, tension/tension load of 3 times of
critical buckling load of the plate, compression/compression
load of 75% of it, and no initial in-plane load. The impact
condition is the case that the mass of the impactor is very
small and the impact velocity is very high. They concluded
that the initial tensile in-plane load tends to intensify the
contact force while reducing the contact time, and an
opposite conclusion is obtained for an initial compressive
in-plane load. After their study, it is very rare to find another
analytical result on the impact behaviour of the composite
laminates under in-plane load. Introduction Wu and
Chang[14] have conducted a transient dynamic finite
element analysis for studying the response of laminated
composite plates subjected to transverse impact loading by a
foreign object. They have calculated displacements, the
transient stress and the strain distributions through the
thickness of laminate during the impact event. Gaurav
Nilakantan and al[15] have used the multiscale modeling
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techniques to analyze the impact damage of woven fabric by
the finite element. On the other hand, Manish Khandelwal
and al[16] have studied the delamination initiation in FRP
under low velocity impact. The analysis was conducted
using 3D finite element. The composite material studied
were Graphite/epoxy and hybrid Glass-Graphite Epoxy.

2. Finite Element Modeling

2.1. Composite Laminates

The studied composite material was a TM 800s/M21; it
was made of a matrix epoxy reinforced with carbon fiber of
stacking sequence[45/0/-45/90]s. The composite fiber
volume fraction was 33%. All the composite specimens were
of the same dimensions: 120x60x2.5 mm. The ply thickness
was 0.25mm. The specimens were centrally loaded. The
table 1 presents the mechanical properties of the composite
material and the impactors. The impactors dropped the plate
at the center. The Fig.1, present the fiber orientation in the
systemaxis. All the sides of the laminated plate were fixed.
The material of the impactors was ordinary steel. The impact
problem can be described as shown in Fig.1. An impactor of
a mass mand shape drops on the center ofthe laminated plate
with a velocity V.

Table 1. Mechanical properties of the compositematerial and the impactor

En Ex E33 v v v
GPa GPa GPa 2 > s
165 7.64 7.64 0.35 04 0.35
Xt Xc Yt Yc 7t Zc
GPa GPa GPa GPa GPa GPa
22 12 0.045 028 0.045 0.7
G2 Ga3 Gi3 Si2 S Si3
GPa GPa GPa GPa GPa GPa
561 2.75 561 0.05 0.05 0.05

E p
GPa | Kgm’ v

207 7850 03
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=0
i {
wii) w(x,1,1)

Figure 1. A basic model for impact damage
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2.2. Numerical Modeling

The Ls dyna model Mat54 was employed to study the
impact behavior of the plate and the model Mat 20 for the
impactors. The plate and the impactor were meshed using
four quadratic isoparametric shell element.
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Figure 2. Local and global axis

Fig.3, show the distribution of the bending moments and
the shear forces through the composite plate.
Z
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Figure 3. Bendingmoments and shear forces

Where:

Ny, Ny,Ny: In plane loads

MMy, M,y: Bending moments about x-y axis

QxQy: Shear forces

The stresses were calculated by the equation (1). The
coefficient of stiffness’s in out of plane, of the laminated
plate where calculated using the equation (1).

()
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033=Gpp 055 =G3
E,, E;: Elastic modulus in axis 1 and 2
G2, Gi3, Gy3: Shear modulus
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In the case of the in plane stresses, eq.(1) become (2):
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2.3. Effect of the Impactor Shapes

Three impactors of the same material and different shapes
were used in order to impact the laminated plate (cylinder,
ball, truncated cone). The table 2, present the geometrical
properties of the three impactors. The impact velocity used
was 6nvs for all the impactors. The table 3, shown the
number of elements and nodes used in order to mesh the
impactors and the composite plate

Table 2. Geometrical properties of the impactors

Impactors geometrical properties

Ball: Diameter =12mm

Cylinder: Diameter=8mm, height=18mm

Truncated cone: Diameter 1 =5mm,
Diameter2=14mmheight=19.74mm

Table 3. Elements andnodes used in numericalmodeling

Elements Nodes

Laminated plate 115200 115921
Ball 96768 98617
Cylinder 166375 172256
Truncated cone 579726 594648

Figure 4, present the displacement variations en function
of the impact time for the three impactors. The displacement
curves present the same pace, the maximum central
displacement was obtained by a truncated cone about of
0.5549 mm for an impact time about 0.2ms, the ball give a
value of displacement about 0.5356 mm for impact time
about 0.19ms, while the cylinder provide a value about
0.5242 mm for the impact time about 0.18ms.

The impact forces were shown in figure 5 en function of
the impact time. The cylinder and a truncated cone present
more or less the same curve forms with a slight variation.
The impact force obtained was about 0.0045KN for a time of
impact of 0.22ms. In the case of'a ball, the load curve show a
maximum and a minimum values. The maximum load was
about 0.035 KN for the impact time of 0.23ms.
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Figure 6. Von Mises stresses

In figure 6, we present the maximal Von Mises stresses in
each ply of the composite for the three impactors. The ball
provides the maximum stresses about 0.247GPa in plies of
orientations 45° and 0°. The cylinder present a minimum

values of stresses about 0.1 1GPa for ply 45° and 0°), while in
ply 90° the stresses value was 0.020 GPa. The truncated cone,
shown a value of stresses about 0.13GPa for layer 45° and
0.12 GPa for layer -45°.

The impact energy curves were shown in figure 7, the
maximum energy value was about 0.1166 J for impact time
of 0.18ms for the three impactors.
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Figure 7. Impact energy en function of time

2.4. Effect of the Inclined Laminated Plate

The laminated plate was inclined by an angle with respect
to the horizontal axis, see figure 8. Three different angles
were chosen (30°, 45° and 60°). The impactors dropped the
inclined plate at the center with a velocity of 6m/s.

Impactor

Figure 8. Inclined lamiate

The central displacement for the three angles was
presented in figure 9. The inclination of 30° gives a
maximumdisplacement of 0.493mm for a time of the impact
about 0.2ms for the ball impactor. In the case of the cylinder,
the maximal displacement was 0.392mm, while for the
truncated cone the displacement obtained 0.314mm for the
time of the impact about 0.2ms. In the case of the inclination
of 45°, the ball impactor provides a maximal displacement
about 0.32mm for the time of the time of impact of 0.22ms.
The cylinder gives a displacement about 0.16mm,; at the end
the displacement obtained by the truncated cone was
0.16 1mm. The inclination of 60° gives a displacement about
0.164mm for the ball (time of the impact about0.22ms) and a
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maximal value of 0.202 mm for the cylinder. The minimal load about 0.013KN corresponding for the time of the impact

displacement was 0.06&mm for the truncated cone (time of ~0.03ms. The truncated cone, gives a minimal impact load
the impact about 0.1 1ms). 0.0096KN, while for the cylinder, the load was more or less

equal to the ball impactor.
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Figure 10, present the variation of the impact load en
function of the time of the impact for the three plate 60°,V=6m/s, [45/0/-45/90]s

inclinations. The inclination 30° gives a maximal impact
load about 0.023KN for the time of the impact of 0.05ms in
the case of the cylinder impactor. The minimal impact load The inclination 60° gives a maximal displacement about
was obtained by the ball impactor (0.014KN which 0.019KN corresponding for the time of the impact 0.15ms in
correspond for the time of the impact about 0.012ms). In the  the case of the cylinder. The truncated cone provides a
case of the inclination of 45°, the ball provides a maximal minimal load (0.0034KN which correspond to 0.03ms).

Figure 10. Impact load en function of time
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Figure 11. Maximal Von Mises stresses

The maximal Von Mises stresses were shown in figure 11
for the different inclinations, ply orientations, and the
impactors. In the inclination of 30°, the ball provides the
maximal stresses at the ply 0° about 0.2GPa. The cylinder
gives a value of Von Mises stresses about 0.15GPa for the
ply of orientation 45°. The truncated cone provides a
minimal value of 0.048GPa at the ply of orientation 90°. The
inclination 45°, the maximal value of the stress was obtained
by the ball impactor at the ply 45° which correspond for a
value about 0.12GPa. We obtain a minimal stress in the case

of the cylinder (0.023GPa for the ply 90°). The inclination
60°, the maximal stress was about 0.099 GPa for the ply 0°
which was provided by the ball impactor. The truncated cone
gives a value of minimal stresses (0.023GPa at the ply 90°).
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Figure 12. Impact energy en function of time

Figure 12, present the variation of the impact energy for
the three laminate inclinations. The inclination 30°, gives a
maximal impact energy about 0.084J corresponding for the
time of the impact about 0.22ms in the case of the ball
impactor, the minimal energy was obtained by a truncated
cone (0.05] which correspond for 0.16ms). For the
inclination of 45°, the maximal energy was 0.052]J which
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correspond to 0.19ms in the case of the ball impactor. The
cylinder provides a value of the impact energy about 0.032]
for a time of 0.17ms. At the end the truncated cone gives
minimal impact energy about 0.021J. In the case of angle of
60°, the maximal energy value was obtained by the ball
impactor (0.027] which correspond for 0.18ms). The
truncated cone gives a value of the energy of 0.0061J for the
time of the impact about 0.12ms.

3. Conclusions

The impact damage mechanismin a laminate constitutes a
complex process. It’s a combination of matrix cracking,
buckling, fiber breaking, delamination its usually all interact
with each other. The paper presents the numerical modeling
of a low velocity impact damage of a composite material
using the package Lsdyna. Three shapes of impactor were
used in the analysis (Ball, truncated cone and cylinder). All
the impactors dropped the laminate plate at the center with a
velocity of 6m/s. The composite material used was a
carbon/epoxy of sequence stacking[45/0/-45/90]s. The
impact displacements, loads, energy impact and the maximal
Von Mises stresses were reported in graphs en function of
the impact time. The inclination of the laminate was taken
account, three angle inclinations were chosen (30°,45° and
60°). In the case of an angle of 30°, the maximal
displacement was obtained by the ball impactor.
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